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METHOD OF THMSFERRIBG OF A lAYSR OF STaAXUED SEMICOOT)TrCTOK M^TSEXM. 



The present invention relates to the transfer of a thin layer of a 
5 donor wafer to a receiving substrate in order to form structures sucii as a 
semtconductor-on-insuiator structure. 

The invention relates rr^ore particularly to carry out this transfer in 
order to produce electronic structures comprising strained layers. 

The expression "strained layer" is understood here to mem any 
10 layer of a semiconductor materia! whose crystallographic structure is 
mainiy elastlcatly strained in tension or In compression during crystal 
growth, such as epitaxy, requiring at least one lattice parameter to be 
substantially different from the nominal lattice parameter of this material, a 
nominal lattice parameter can be understood as the iatiice parameter of the 
•IS materia! in its bulk form in equilibrium. 

Conversely, the term "relaxed layer" means a layer of a 
semiconductor material, having a crystallographic relaxation rate (as 
measured by X~ray diffraction or Raman spectroscopy) superior to 50%. A 
layer having 100% relaxatiori rate, has a lattice parameter substantially 
a 0 identical to the nominal lattice parameter of the material of the layer. 

A transfer aim is to produce, in particular, a "semiconductor-on- 
insulator'* (also called here "SeOi") structure. 

Such a strain exerted within a semiconductor material may in fact 
exhibit physical and/or etectrica! properties worthwhile exploiting. 
2 5 Thus, for example, the main benefit of tension-strained silicon layers 

(also called strained Si layers) consists mainly in the fact that the charge 
carriers (such as holes and electrons) have a higher mobility than that 
usually found in relaxed Si layers. 

The strained Si layers may in this regard reach a charge carrier 
3 0 mobility 1 00% higher than that within relaxed Si layers. 

To produce such strained Si layers, it is known to grov^ a silicon film by 
epitaxy on a base composed of sil'icon and germanium. 

Since germanium in equilibrium has a lattice parameter siightly 
greater than that of the silicon in equilibrium (greater by approximately 4%), 
3 5 the presence of germanium in a defined amount in the silicon thus makes it 
possible to slightSy increase the lattice parameter compared with a base 
consisting oniy of silicon. 
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This silicon-germanium base (aiso called SiGe base) wi!i thus strain 
the epitaxiaily grown Si film so as io nsake its iattioe parameter substantially 
identical to its own. 

in practice, a substrate made of bulk SiGe is not avaiiabie on the 
5 market and the SiGe base is then generally composed of a singie-crystai Si 
support substrate on wtiich a relaxed SiGe layer is produced via a buffer 
layer. 

The term "buffer layer" is understood to mean an intermediate layer 
between two crystaiiographic structures with different lattice parameters. 
10 having In the region of one of its faces a latUce parameter substantiaHy 
identical to th&t of the first structure and in the region of its other face a 
iattice parameter substantiaHy identical to that of the second structure. 

The buffer layer inserted between the Si support substrate and the 
relaxed SiGe layer is generaiiy made of SiGe, with a quantity-wise 
15 proportion of germanium which progressively increases through the 
thickness of the support substrate towards the relaxed layer. 
Thus, it makes it possible to: 

-gradually increase the germanium content from the support 
substrate towards the relaxed layer; 
20 - confine defects associated with the difference In iattice parameter 

so that tiiey are buried; 

- give a sufficiently thicl< relaxed SiGe layer stability with respect to 
an Si film grown epitaxialiy on its surface in order to strain the latter so as 
to modify its iattice parameter without influencing that of the relaxed SiGe 
25 layer. 

For ali these reasons, the buffer layer must be sufficientiy thick, 
typically having a value between one and three microns. 

In the field of application of the present invention, this type of wafer 
is used as a donor In the sense that at least one layer of material is 
3 0 removed therefrom in order to transfer S to a receiving substrate. 

This transfer generaiiy comprises a first step of bonding the donor 
wafer to the receiving substrate. 

A second step consists in keeping of the bonded donor wafer only at 
least one thin layer adjacent to the bonding region, by removing the 
35 superRuous parts from the donor wafer. 

Several processes and techniques for transferring semiconductor 
layers, such as Si or SiGe iayers, have thus been proposed, the donor 
wafer comprising In succession a single-crystal silicon support substrate 
and a thickness of SiGe. 
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ZhI-Yuan Cheng et a!, of Massachusetts institute of Technology 
have presented, in a document entitled "SiGB-On-lmuMor (SGO!): 
Substrate Pmpamthn and MOSFET Fabrication for Electron MobMy 
Evaluation'' {2001 IEEE international SOf Conference, 10/01). two known 
s techniques for transferring layers from the said donor wafer comprising an 
SiGe buffer (ayer: 

- the first layer transfer technique is caiied "etch-back": it consists 
m removing, by chemicai-mechanical means, the singie-crystai Si support 
substate and the SiGe buffer iayer after bonding the donor wafer to the 

10 receiving substrate. 

in particular, etching caiied "selective" etching is used to remove the 
buffer iayer. as this has the ability of etching the strained SiGe of the buffer 
iayer more easily than the relaxed SiGe of the surface layer. The relaxed 
SiGe layer then behaves as a "stop iayer" for the etching, since the etching 
1 5 Stops at ieast partly at the level thereof. 

Finally, a strained Si film is then grown epttaxialiy on the relaxed 
SiGe layer in order to produce a strained Si-on-Si6e structure. 

In this final structure, a layer of relaxed materia! {in this case, the 
layer of SiGe) is interposed between the layer of strained materia! (in this 

2 0 case the Si film) and the oxide. This may substantially reduce the technical 

performance expected of the Si/SiGe combination, and especialiy its 
electrical properties. 

Thus, for example, the SiGe layer may have a tendency to increase 
the circuit capacitances and therefore reduce the switching rates of the 
25 electronic components to be produced or produced in the Si/SiGe active 
part. 

The fabrication of electronic components in the active part of such a 
structure comprising this combination having two layers on insulator also 
has the risk of being compiex to carry out, especially by the creation of 

3 0 lateral insulating regions in the on~insuiator combination. 

This process furthemiore limits the application to the production of 
an Si/SIGe-on-snsulator structure and provides no solution to the 
production, for examplo, of a strained Si-on-insulator structure. 

Other etch-back techniques and processes have been proposed, for 
35 example, In document US 5 013 681, in which an unstrained Si layer is 
especially transfenred. 

- the second iayer transfer technique reported in the document by 
ZhI-Yuan Cheng et ai. is based on the "Smart-Detachment*^'" technology of 
the Applicant, known to those slcilted in the art, and descriptions of which 
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may be found in a number of works dealing witJi wafer reduction 
techniques: it consists, before bonding, in impianting species into the 
relaxed SiGe layer so as to create therein an embritiiement zone, at which, 
after bonding, the donor wafer is detachment 

What Is obtained therefore is, on the one hand, a donor wafer, 
stripped of part of the relaxed SiGe !ayer, and, on the other hand, a 
structure comprising, bonded together, a removed thin iayer of relaxed 
SiGe and the receiving substrate. 

The Smart-Detachment® technique is advantageous in that it affords 
the possibility of recycling the donor wafer instead of sacrificing it, unlii^e 
the etch~bac!< technique. 

Other processes have been proposed, using the two techniques 
simultaneously. 

Documents US 5 882 987 and US 6 323 108 thus disciose an 
overail process for producing SeO! structures from a donor wafer 
comprising in succession a singte-crysta! Si base support substrate, an 
SiGe iayer and an epttaxiaily grown Si film bonded to an oxidized support 
substrate. 

The Smart-Cut® technique is employed, creating, before bonding, an 
embritttement zone in the Si support substrate and, after bonding, causing 
detachment in the donor wafer in this region, 

A structure consisting in succession of part of the Si support 
substrate, the SiGe iayer and the epitaxiaiiy grown Si film is thus removed, 
the whole assembly being bonded to the oxidized receiving substrate. 

Two successive selective etching operations are then carried out on 
the structure in order firstly to remove the remaining part of the Si support 
substrate with an etching solution such that the SiGe layer forms a stop 
layer and then in order to remove the SiGe layer with an etching solution 
such that the Si flim fomns a stop layer. 

The structure obtained at the end is an SeOi structure with a surface 
Si layer. 

The main objective of this process is to produce an SeO! structure 
with a siiicon layer which is both vesy thin and very' uniform through the 
thickness, using a process which can avoid a finishing step which would 
othenwise be prejudictai to the quality of the silicon layer. 

The main objective of this process is not, however, to produce an 
SeO! structure with a strained silicon layer. 

The SiGe layer used to produce the SeOi structure during 
implementation of this process has. moreover, a typical thickness of 



wo 20«4/fl0632« 



PCT/1B2003/W3341 



between 0.01 and 0,2 microns, a tNcKness insufficient, as seen above, to 
claim to fyffil the rote of a buffer iayer between the SI support substrate and 
a potenliai relaxed SiGe layer. 

The siiicon of the film grown epitaxially on the SiGe Jayer and 
5 constituting the St iayer of the finai SeO! structure therefore seems to be 
Tittie strained or unstrained, and therefore does not nfieetthe main objective 
of the invention which Is subject of tfie present document, expiained above, 
which reiates to the production of a structure comprising a strained Si layer 
so as to benefit from its usefui eiectrica) properties, especiaiiy in SeOI 
10 structures. 

This type of process therefore seems to be unsuitable for producing 
a structure comprising a strained Si iayer. 

The IBM document by LJ. Huang et al, CSiGe-On-lnsulator 
pr^pamd by wafer bonding and iay&r transfer for high-pBifomiance field- 
15 effect trammors". Applied Physics Letters, 26/02/2001, VoL 78, No. 9) 
dtscioses for example a process of producing an sySGO! structure with 
strained silicon, starting from a donor wafer comprising in succession a 
stngle-crysta! Si support substrate, an SiGe buffer iayer and a relaxed SiGe 
layer. 

20 The process empioyed consists in using the Smart^Cut® technique 

in the relaxed SiGe iayer, thus making it possible, after bonding to an 
oxidized receiving substrate and after detachment in the embritttement 
zone created beforehand, to produce an SGOl structure with relaxed SiGe. 
Finally, a film of strained Si is then epitaxially grown on the relaxed 
25 SiGe layer in order to produce an Si/SGOl structure. 

In this final structure, a layer of relaxed materia! (i-e. the SiGe layer) 
is subjacent to the layer of strained material (i.e. the St film). This may be 
prejudiciai to the performance, especially the electronic perfonnance. 
expected In this case of the layer of strained material, as already 
30 mentioned above. 

This process furthermore limits the application to the production of 
such an Si/SiGe-orvinsulator structure and does not provide a solution to 
the production, for example, of a strained Si-on-insuiator structure. 

As regards document WO 01/99169, this proposes processes of 
35 producing, from a wafer consisting in succession of an Si substrate, an 
SiGe buffer iayer, a relaxed SiGe layer and, optionaiiy, a iayer of strained 
Si or SiGe, a final structure with the relaxed SiGe layer on the optional 
other strained Si or SiGe layer. 
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The technique emptoyed to produce such a structure involves, after 
bonding the wafer to a receiving substrate, remavat of material from the 
wafer that it Is not desired to retain, by selectively etching the Si substrate 
and th e SiGe buffer layer, 
s It transpires that this technique does make it possible to achieve 

layer thtckr^esses that are particularly thin and homogeneous through the 
thicKness, but it does entail, however, the destruction of the Si substrate 
and of the SiGe buffer layer by chemical etching. 

These processes do not therefore afford the possibility of reusing 
1 0 part of the wafer, and especially at least part of the buffer layer, for a new 
layer transfer. 

WO 02/16244 document describes a source wafer, provided before 
transfer, comprising relaxed SiGe layer/strained Si/SiGe layer/buffer SiGe 
layer/Si subtract structure. 
15 Then, the transfer consists of doing a Smart-Cut® process at the 

strained Si layer level- 
In these conditions, this strained Si layer is a sacrificial iayer, and 
can not become a useful layer in the formed final structure, 

WO 02/15244 document describes as wei! a production of a strained 
20 St/SGOl structure after having transferred a SiGe iayer (from a source 
• wafer comprising in succession a relaxed SiGe layer/SiGe buffer layer/Si 
substrate structure) and after having grown a Si iayer on the transferred 
SiGe. 

These processes do not provide a solution to the production of a 
2 5 simple strained silicon-on-lnsulator stmcture. 

To avoid these drawbacks and the other disadvantages mentioned 
above, as welt as others, the present invention proposes, according to a 
first aspect, a method of producing a stmcture comprising a thin layer of 
strained semiconductor material obtained from a donor wafer, the donor 
30 wafer comprising a lattice parameter matching iayer comprising an upper 
layer of a material chosen from semiconductor materials having a first 
lattice parameter, characterized in that it comprises the foiiowing steps: 

(a) growth of a film of a rr.ateria! chosen from semiconductor 
materials on the upper layer of the matching layer, which film being of 

35 material having a nominal lattice parameter substantially different from tiie 
first lattice parameter, wherein the grown film has a thickness small enough 
to keep the first lattice parameter of the upper layer of the underiyed 
matcliing layer and thus to be strained; 

(b) tbrmation of an embrittlement zone in the matching layer; 
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(c) bonding of a receiving substrate with the donor wafer on the film 

side; and 

(d) removal of a part of the donor wafer, comprising supply of energy 
in order to detacti at the embrittiement zone leve!, the part of the donor 

5 wafer comprising the fi!m, thus forming the structure to produce. 

Other preferred aspects of the process according to the invention 
arethefoiiowing: 

- a process for correcting the surface roughness is carried out 
after step (d), on the surface of the unremoved part of the matching layen. 

^0 - step (d) further comprises the removal of the matching iayer 

which remains after the supply of energy; 

. the removal of the part of the matching layer which remains, 
comprises at least one operation of selective etching of the matching layer 
which remains with respect to the material constituting the fiim; 

it further comprises a growth of a maierial being substantially 
the same as the one of the film, on the film; 

- the fiim thickened by the gro\,vth of material ; 

✓ has a thicl<ness more important than the standard critical 
thtci<ness beyond which this material usually stops to be 
20 substantially elastically strained; and 

/ is substanttaliy elasticaliy strained. 

- after stop (a), a step of growing at least one growth layer on the 
fiim is additionaiiy carried out, so that the film stays substantially elasticaliy 
strained; 

25 - the growth layer has a nominai lattice parameter substantially 

identical to the first lattice parameter; 

- between step (a) and step (c). steps of growing, on the fiim, of 
layere which are not substantially decreasing the strained state of the film 
are additionally carried out, these growth layers fomiing a muitiiayer 

30 struciure having a respective alternation of layer fiaving the first lattice 
parameter and of layer strained to have the first lattice parameter, the 
grovrth layer directly made on fiim being a layer having the first lattice 
parameter; 

» between step (a) and step (c). a step of forming at least one 
35 bonding layer betvifeen the receiving substrate and the donor wafer is 
additionally carried out, the bonding layer being formed on the receiving 
substrate and/or on the bonding face of the donor wafer; 

- the bonding layer is made of silica; 
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- Step (c) of the bonding m carried out by moiecu!ar adhesion 

(wafer bonding). 

- the bonding is accompanied by a thermai treatment in order to 
strengthen the bonds; 

5 - the embriitiement zone is formed in step (b) by impiantatton of 

atomic species into the matching layer, at a depth substantiaiiy equaJ to the 
implant depth; 

- before step (a), the embrittlement zone is fonnr\ed in step (b) by 
porosification of a iayer beneath the film; 

IQ . the film of strained material is made of silicon and the matching 

iayer is made of silicon-germanium, the matching iayer comprising a buffer 
layer with a germanium concentration that increases through the thici<ness 
and the upper layer which is relaxed beneath the strained ftim; 

- that part of the matching Sayer not removed after the supply of 
15 energy during step (d), is at least part of the upper relaxed silicon- 

gennanium layer of the matching layer; 

- the growth layer is made of relaxed silicon-germanium, with a 
germanium concentration substantially equal to the germanium 
concentration of the relaxed upper layer of the matching layer; 

20 - the receiving substrate is made of silicon; 

- the wafer comprises at least one iayer furthermore containing 
carbon, with a carbon concentration in the layer substantially !ess than or 
equal to 50%; and 

- the wafer comprises at ieast one layer furthermore containing 
25 carbon, with a carbon concentration in the layer substantially iess than or 

ecjuai to 5%. 

According to a second aspect, the invention provides the following 
semiGonductor-on-substrate stmctures produced in accordance with the 
above method : 

30 . intermediate semiconductor~on-substrate structure produced in 

accordance with the method according to one of the preceding Ciaims, the 
thici^fiess of semiconductor of the structure comprises a part of the 
matching layer and the fiim, the substrate being tite receiving substrate, 
characterized in that the free surface of the part of the matching layer 

35 exhibits features of post-detachment embrittlement zone surface. 

~ intermediate semtconductor-on-substrate structure, according to 
the preceding claim and produced according to claim 8, characterized in 
that it further comprises a layer of a semiconductor materia! substantiaiiy 
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the same as the materia! of the remainder part of the matching layer, being 
bete'een the substrate and the film, 

- semiconductor-on-substrate structure characterized in that the 
thickness of semiconductor of the semiconductor-on-insuiator stmcture 

5 consists of the film and of a muitilayer structure on the mm, the multilayer 
structure having an altemation of layers having the first lattice parameter 
and of layer strained to have the first lattice parameter (the growth tayer 
directly adjacent to the film being a layer having the first lattice parameter), 
the substrate being the receiving substrate, the film being on the multilayer 

10 structure and the multilayer structure being on the substrate. 

- structure semiconductor-on-insulator characterized in tfiat its 
semiconductor layer comprises a film which is strained even if its thicl<ness 
is more important than the standard critica! ihickness beyorKi which the 
material of the film, usually stops to be substantially elaslicaliy strained. 

IS - one of the four preceding struduros is characterized in that it 

comprises iayer of an electrically ir5Suloting material underlying the 
thickness of the semiconductor of the structure, so that the structure is a 
semtconductor-on-insu!ator structure. 

- structure according to one of the five ones, characterized in that 
20. the film is of silicon. 

- structure according to the preceding one, characterized in that it 
comprises a SiGe iayer adjacent to the film. 

Further aspects, objects and advantages of the present invention 
wili be more clearly apparent on reading the following detailed description 
25 of the implementation of preferred processes thereof, these being given by 
way of non-limiting example and with reference to the appended drawings, 
in which; 

- Figure 1 shows the various steps of a first process for producing 
an electronic structure comprising a thin iayer of strained siiicon according 

30 to the invention; 

- Figure 2 shows the various steps of a second process for 
producing an electronic structure comprising a thin layer of strained silicon 
according to the invention; 

- Figures shows the various steps of a third process for 
35 producing an electronic structure comprising a thin layer made of strained 

siiicon according to the invention; and 

- Figure 4 shows the vanous steps of a fourth process for 
producing an electronic structure comprising a thin iayer of strained silicon 
according to the invention. 
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!t is a main objective of the present invention to provide a reJiable 
process for transferring a film of strained materia! from a donor wafer to a 
receiving substrate, the assembiy then forming me desired eiectronic 
structure, without reiaxirig the strain within the fiim during transfer, 
5 An example of a process according to the invention wH! now be 

described below, which starts, with reference to Figures la, 2a, 3a and 4a, 
from a donor wafer 10 consisting firstly of a single-crystal silicon support 
substrate 1 and an SiGe lattice parameter matching layer 2. 

The expression "lattice parameter matching layer" denotes any 
10 structure behaving as a buffer layer and having, on the surface, a layer of 
substantially relaxed materia! without an appreciable number of structurai 
defects, such as dislocations. 

Thus, In our example, it wtl! be advantageous to choose an SiGe 
matching layer 2 consisting in succession of an SiGe buffer layer and a 
lb relaxed SiGe layer on the surface. 

The buffer iayer preferably has a germanium concentration which 
grows uniformly from the interface with the support substrate 1 , for reasons 
which were explained above, its thickness is typically between 1 and 
3 micrometres in order to obtain good structural relaxation on the surface. 
20 Ttie relaxed SiGe layer has advantageously been formed by epitaxy 

on the surface of the buffer layer and Its thickness may vary widely 
depending on the case, with a typical thickness of between 0.5 and 
1 micron. 

The genrianium concentration in the silicon within the relaxed SiGe 
25 layer is typically between 15% and 30% In order to obtain, during the next 
step {shown by Figures lb, 2b, 3b or 4b), an epitaxiaSiy grown Si fiim 3 
sufficiently strained in order to have appreciable electrical properties and 
not too strained so as to prevent internal structural defects from appearing. 

This 30% limitation represents a typical limitation in the current 
30 techniques, but this may be caused to change in the coming years, 

With reference to Figures lb, 2b, 3b and 4b, an Si film 3 Is grown on 
the SlGe matching layer 2. 

The Si fiim 3 is advantageously formed by epitaxy using known 
techniques such as CVD (chemical vapour deposition) and MBE (fTiolecular 
35 beam epitaxy) techniques. 

The silicon of the film 3 is then obliged by the matching layer 2 to 
increase its nominal lattice parameter in order to make it substantially 
identical to that of its growth substrate and thus introduce internal tensile 
strains. 
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These modifications of its internal crystaliographic stascture will 
increase the mobility of the charge carriers (such as holes and electrons) 
by modifying the energy band structure of the silicon crystai. 

The eiectrica! properties desired in this invention are thus obtained. 
5 However, it is necessary to form quite a thin Si film 3; too great a 

film thickness would in fact cause at least relative relaxation of the strain in 
the thici^ness of the film towards the nominal lattice parameter of the 
silicon. 

The thickness of the film 3 is thus typically less than 20 nanometers, 
10 preferably between 10 and 20 nanometers; above 20 nanometers there is 
a risk of substantial relaxation of the strain that is desired in the present 
Invention, and below 10 nanometers there is a risk of the thickness of the 
film causing probiems in the fabrication of certain eiectronic components. 
Once this donor wafer 10 containing a strained S\ film 3 has been 
15 produced, one dsfficuity resides in impiementing a retsabie process for 
transferring the strained fiim 3 from the donor wafer 10 onto a receiving 
substrate 4, the whole assembly then forming tlie desired eiectronic 
structure 20 Without any relaxation of the strain within the film 3 during 
transfer, 

20 To solve this particular difficulty, several methods of implementation 

may be suggested: 

According to a first method of implementing the process according 
to the Invention, with reference to Figures 1c and 2c, a receiving substrate 
4 is attached to the surface of the strained film 3. 
25 This receiving substrate 4 may, for example, be made of silicon or 

may consist of other types of material. 

The receiving substrate 4 is attached by bringing it into intimate 
contact with the strained Si film 3 and carrying out bonding, in which 
molecular adhesion between the substrate 4 and the film 3 is 
3 0 advantageously effected . 

This bonding technique, as we!! as variants, is especially described 
in the document entitled "Semiconductor Wafer Bonding" (Science and 
Technoiogy, intersclence Technology) by Q.Y, Tong, U. G6se!e and Wiley. 
If necessary, bonding is accompariied by an appropriate prior 
35 treatment of the respective surfaces to be bonded and/or by supplying 
thermal energy and/or supplying an additional bonding layer. 

Thus, for example, a thermal treatment candied out during bonding 
aiiows the bonds to be strengthened. 
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Bonding may also be reinforced by a bonding layer inserted 
between the film 3 and the receiving substrate 4, which makes it possible 
to produce moSecular bonds both with the fiim 3 and with tlie materia! 
constituting the bonding face of the receiving substrate 4 which are 
s stronger than those existing between the film 3 and the receiving substrate 
4. 

Thus, siticon oxide (a!so called sIHca or SiOs) is a material that may 
be chosen for producing such a bonding layer, since it exhibits good 
adhesion with the silicon of the fiim 3. The silica may be formed on the fiim 
10 3 and/or on the receiving substrate 4 by SiOs deposition or by thermal 

oxidation on the respeclwe bonding surfaces. 

Advantageously, the material constituting the bonding face of the 
receiving substrate 4 and/or the material of the bonding layer optionally 
formed is electrically insulating, so that there exists an insulating layer 
15 directly adjacent to the strainetl SI film 3: a conducting or semiconducting 
materia! directly adjacent to the film 3 could in fact impair the electrical 
effects desired here in a stmcture consisting of the combination of the two 
materials. 

This advantageous choice of insulating material adjacent to the film 

20 3 becomes particularly necessary when the structure 20 that it is desired to 
produce in the end is an SeOi structure, the semiconductor layer of the 
SeOl structure then being the transferred film 3 of strained Si. 

I^oreover, the receiving substrate 4 bonded to the strained Si film 3 
makes it possible to retain substantially the strained structural state of the 

25 strained Si of the film 3. this being so even if the donor wafer 10 on which 
the strained Si film 3 has been grown epitaxially is removed, the strain 
within the film 3 being mainly ensured after transfer by the bonding forces 
existing between the film 3 and the receiving substrate 4. 

Transfer of the strained film 3 from the donor wafer 10 to the 

30 receiving substrate 4 without relaxing the strain within the film 3 is thus 
made possible, thereby solving the abovementioried difficulty. 

The receiving substrate 4 furthermore constitutes a mechanical 
support sufficiently rigid to sustain the strained St film 3 and protect it from 
any mechanical stresses coming from the outside. 

35 Once the receiving substrate 4 has been bonded, part of the donor 

wafer 10 is removed using one or more of the preferred techniques that will 
be explained later, In order to transfer the strained Si film 3 to the receiving 
substrate and to produce the desired structure 20. 
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in a first case, with reference to Figure id, substantially ai! that part 
of the donor wafer 10 on the matching iayer 2 side in relation to the 
Strained film 3 is removed. 

Thus, a final strained St-on-substrate structure, and in particular a 
5 strained Si-on-tnsulator structure (also called here an SO! structure), is 
obtained if the material subjacent to the strained Si film 3 is an efectdcal 
insutator. 

In a second case, with reference to Figure 2d, the support substrate 
1 and part of the matching layer 2 are removed. 
10 Thus, a final SiGe-on-strained Si-on-substrate structure, and in 

particular an SiGe-on-strained St-on-insulator structure (also called 
SiOe/SOi staicture), is obtained if the material underlying the strained Si 
film 3 is an electrtcai insulator. 

The removal of part of the matching layer 2 is advantageously 
15 carried out so as to preserve of the matching layer 2 on the structure 20, 
only at least part of the relaxed SiGe layer included in the matching layer 2 
(and which had been epitaxiayy grown according to one particular method 
of producing the matching iayer 2 explained above, on a buffer iayer). 

According to a second method of implementing the process 
20 according to the invention, vtfith reference to Figures 3c and 4c, a relaxed 
SIGe iayer 6 is grown on the strained Sf film 3, by epitaxy (for example by 
CVD or MBE) advantageously before any bonding operation. 

The Ge concentration in this layer 6 is advantageously and 
substantially the same as that of the SiGe present near the bonding face of 
2S the matching layer 2 so as to prevent this iayer having an additional 
influence on the strain in the film 3. 

in one particular method of implementation, further layers may be 
grown epitaxiatiy on the SiGe layer, such as strained Si or SiC layers and 
SiGe or SIGeC layers respectively alternating in order to form a multilayer 
30 structure. 

Referring to Figures 3d and 4d, a receiving substrate 4 is bonded to 
the relaxed SiGe iayer 6 in a manner substantialiy identical to that 
explained above in the first method of implementation and relating to a 
receiving substrate 4 bonded to the strained film 3. 
3 5 The bonding face of the donor wafer 10 Is then the free face of the 

relaxed SIGe layer 6. 

It should be pointed out that, unlike the first method of 
implementation, the bonds do not necessarily constitute the only means of 
preserving the strain in the film 3: this is because, if the relaxed SiGe 
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layer 6 is thick enough, it may participate in, or even guarantee, the 
preservation of the strain sn the film 3 after these twfo layers have been 
transferred. 

The thickness of the SiGe epiiayer 6 nnay thus be judiciously chosen 
5 !!i this regard so as to preserve greater or Jesser amounts of the strain in 
the Si layer- 
As in the first method of implementatjon, once the receiving substrate 4 has 
been bonded, part of the donor wafer 10 is removed using one or more of 
the preferred techniques that will be explained below, in order to transfer 
10 the strained SI flim 3 to the receiving substrate 4 and to produce the 
desired structure 20. 

in a fir^t case, with reference to F^igure 3e, aii that part of the donor 
wafer 10 on the matching iayer 2 side in relation to the iayer 6 is removed. 
Thus, a final strained Si-on~reiaxed SiGe-on-sobstrate structure, and 
15 in particular a strained Si-on-relaxed SiGe-on-insulator structure (also 
called an Si/SGOi structure), is obtained if the materia! underlying the 
relaxed SiGe layer 6 is an etectrical Insulator, 

In a second case, with reference to Figure 4e, the Si support 
substrate 1 and part of the matching layer 2 are removed. 
20 Thus, a final SiGe-on-strained St-on-relaxed SiGe-on-substrate 

structure, and in particular an SiGe-on-stralned Si-on-relaxed SiGe-on- 
insulator structure {also called an SiGe/Si/SGO! structure), is obtained if 
the material subjacent to the relaxed SiGe iayer 6 is an electricai insulator. 
Part of the matching layer 2 is advantageously removed so as to 
2 5 preserve of the matching layer 2 on the structure 20 only at least part of the 
relaxed SiGe layer present in the matching layer 2 (and which had been 
epltaxiaiiy grown, using one particular method of producing the matching 
layer 2 explained above, on a buffer layer). 

Thus, by means of the process according to the invention several 
30 structures (shown for example in Figures id, 2d, 3e and 4e) comprising a 
layer of strained material can be produced, each having very specific 
electricai properties. 

With reference to Figures 1d, 2d, 3e and 4e. removal of material 
constitutes the final step of producing such structures. 
35 A first material removal operation consists In detachment the donor 

wafer in a region of the matching layer 2 that has previously been 
weakened therein. 

Two known non-limiting techniques may thus perform such an 
operation. 
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A first technique, caSied the Smart-Detachment® technique, known 
to those skiiled in the art (and descriptions of which may be found in a 
number of works dealing with wafer reduction techniques), consists in 
impSanting atom species (such as hydrogen ions) and then in subjecting the 
5 implanted region, which then forms an embritttement zone, to a heat 
treatment and/or mechanical treatment, or another supply of energy, in 
order to make the detachment in the embrittlement zone. 

Detachment from an embrittlement zone thus formed in the 
matching layer 2 makes it possible to remove most of the wafer 1 0, in order 
10 to obtain a structure comprising the remainder of the matching layer 2, the 
strained Si film 3, optionafly epitaxiaily grown overlayers such as the layer 
6, the optional bonding layer and the receiving substrate 4. 

A second technique consists in obtaining a weak Interface by 
creating at least one porous layer, as described for example in document 
X5 EP-A-0 849 788. and then in subjecting the weak iayer to a mechanical 
treatment, or another supply of energy, in order to make the detachment in 
the weakened iayer. 

The weakened iayer made of porous siitcon is fornsed within the 
support substrate 1, between the support substrate 1 and the matching 
20 layer 2, in the matching layer 2 (for example between a buffer layer and a 
reiaxed layer) or on the matching layer 2 (that is to say between the 
matching layer 2 and the strained Si film 3 or the optional relaxed SfGe 
iayer 6), 

To form a weakened layer within the support substrate 1 . the porous 
2 s layer is advantageously grown on a single-crystal Si support substrate and 
then a second growth Is carried out on the pomus layer, so as to grow a 
non-porous Si layer having substantialiy the same lattice parameter as the 
Si of the support substrate; the support substrate 1 then consists of the 
support substrate, the porous iayer and the non-porous Si layer. 
30 Detachment a weakened layer makes it possible to remove at least 

some of the wafer 10, in order to obtain a structure compnsing the optional 
remainder of the wafer 10, the strained Si film 3, optionaiiy epitaxiaily 
grown overlayers such as the layer 6, optionaiiy the inserted bonding iayer 
and the receiving substrate 4. 
35 A treatment of the wafer 10, in order to remove the porous silicon 

which remains after the detachment, is advantageously carried out, such 
as an etching operation or a thermal treatment 

if the porous iayer iles within the support substrate 1, a lapping, 
chemicai-mechanicai polishing and/or selective chemical etching 
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operations are then advantageously carried out in order to remove the 
remaining part of ttie support substrate 1 . 

These two non~!imtting techniques make it possible to rapidly 
remove, en bloc, a substantial partof the wafer 10. 
5 They also allow the possibility of reusing Use removed part of the 

wafer 10 in another process, such as for example a process according to 
the invention. 

Thus, If the part removed is the support substrate 1, an operation to 
reform a matching iayer 2, a film 3 and an optional SiGe layer 6 and/or 
1 0 other iayers may be carried out as described above, after the surface of the 
support substrate 1 has beer> polished. 

if the removed part is the support substrate 1 and at least part of the 
matching layer 2, a possible reformation of another part of the matching 
layer 2, of a film 3 and of an SiGe layer 6 and/or other iayers may be 
15 carried out as described above, after the surface of the remaining part of 
the matching layer 2 has been polished. 

A second materia! removal operation after detachment the wafer 10 
according, for exampie, to one of the above t\vo techniques consists in 
correcting surface defects or in removing, if necessary, the remaining part 
20 of the matching layer 2. 

if it is desired to remove all of the remaining part of the matching 
iayer 2 {referring to Figures Id and 3e), this operation may be candied out 
by selective chemical etching so that the strained Si fiim 3 undergoes little 
or no etching, thus forming an etching stop layer. 

2 5 The remaining part of the matching layer 2 is in this case etched by 

sNBt etching using etching solutions having substantial selectlvities with 
respect to the strained Si film 3, such as a soiution comprising 
HF/H2O2/CH3COOH (approximately 1/1000 selectivity) or HNA 
(hydrofluoric-nitric-acetic solution). 
30 Diy etching operations may also be carried out in order to remove 

material, such as plasma etching, or by sputtering. 

This chemical method has the main advantage of being quite rapid 
for thin iayers to be removed and of avoiding the use of chemical- 
mechanical polishing finishing operations usually employed after 

3 5 detach ment the wafer. 

It thus makes it possible to maintain good surface qoaiity and good 
thickness homogeneity of the strained Si film 3 obtained during its epitaxy, 
it having been unnecessary to carry out a mechanical finishing step in the 
case in which the material removal is completed by a single chemical 
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operation, thus preventing defects from appearing, such as stram-hardenecf 
regions, that such a mechanical finishing step is iikeSy to cause. 

!n certain particular cases, soft polishing is, however, used in order 
to compensate for any smaif surface roughnesses. 
5 However, the chemical etching operation may advantageously be 

preceded, especialiy in the case of a thicker layer to be removed, by 
mechanical or chemicaj-mechanica! abrasion by lapping and/or chemical- 
mechanica! polishing CMP of the remaining part of the matching !ayef 2. 
If it is desired to maintain part of the matching layer 5 (referring to 
xo Figures 2d and 4e), it will be advantageous to choose a thermal treatment 
or a polishing, preferably chemical-mechanical polishing CMP, in order to 
remove any roughnesses and thickness homogeneries that might have 
appeared during detachment of the wafer 10. 

However, etching seiectivity with respect to the Ge concentration 
15 present in the matching layer 2 (and which increases with the thickness of 
the matching layer 2) may also be empioyed, the etching slowing down or 
stopping on the relaxed layer lying within tiie matching layer 2. 

Wet etching with a solution comprising TMAH may, for example, be 
very suitable for carrying out such selective etching, the relaxed layer of the 
20 matching, iayer 2 having In this case a germanium concentration of 
between 20% and 30%. 

These techniques are proposed by way of an example in the present 
document, but they do not in any way constitute a limitation, the Invention 
covering all types of techniques suitable for removing material from a donor 
25 vrafer 10 in accordance with the process according to the invention. 

In one particular embodiment of the stmcture 20. one or more 
epitaxia! depositions may be carried out on the donor wafer 10, such as 
epitaxial deposition of an SiGe or SiGeC layer, or epitaxial deposition of a 
strained SI or SiC layer, or successive epitaxiai depositions of SiGe or 
30 SiGeC layers and strained Si or SiC layers in alternation, in order to form a 
multilayer structure. 

Optionally, a growth of Si is operating on the film 3 to thic!<en it. 
A first interest of doing a such growth of Si of re-finding the initial 
thickened of the fiim 3, which may nevertheless be thinned by soft polishing 
3 5 etching or event cleaning operation, 

A second interest concerns the case of an insulating layer 
underlying the film 3 and being of a viscous material, as for example SiOa 
or S!3N4, wherein the film 3 can be thickened so that its thickness becomes 
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more important than the "standard Si critical thickness", without iosing its 

eiasfic stress. 

The "standard SI critical thiGf<ness" can be found from the stress 
ratio value of the film 3 and fronn the fact that this stress ratio can be 
directiy associated with the Ge concentration of a Sit-xGex substrate (i.e. 
the X vaiue) on which the film 3 had been or would have been grown ; if the 
stress ratio of the film 3 has not changed since the growth of the film 3, the 
associated Ge concentration is those of the Sii-^Gex substrate on which the 
film 3 has been grown before transfer. 

The "standard critical thickness" value of the fitm 3 can thus be 
directly associated with a Ge concentration of a Sii.xGex substrate on which 
the film 3 had been or would have been grown. Some examples of 
"standard critical thickness" can then be found in "High-Mobility Si and Ge 
structures" of Frledrich Schaffter ("Semiconductor Science Technology" 12 
(1997)1515-1549). 

Thus, the applicant notices that, in a structure induding a viscous 
material layer and a strained Si film 3 on tiie viscous materia! layer, the 
critical thickness ot the ftlni 3 (beyond which the film 3 is not mainly 
eiasticaity strained) is typicaily more importanl than its standard critical 
thickness. 

This property may result from the viscosity of the insulator layer 
which should accommodate with the Si Interna! stress. 

Thus, experience shows that K is possible to increase the thickness 
of the film 3 about 60 nanometers, without substantia! toss of stress. 

The thick strained Si iayer can then be used as an active layer 
(taking thus advantage of electrons high mobility that a such material 
exhibits). 

Having completed the final structure, a finishing step may optionally 
be carried out, such as finishing treatments, for example like an annealing 
operation in order to further strengthen the bonding interface between the 
donor Vv'afer 10 and the receiving substrate 4. 

The present invention is not limited to a SiGe iattice parameter 
matching layer 2, but also extends to a constitution of the matching layer 2 
from other types of type !il-V materials or other materials capable of 
straining the materiai of the epitaxiaily overgrown film 3 or another 
semiconductor material 

Finally, the present invention does not relate or^ly to transferring a 
strained silicon film 3, but In general relates to transferring a film of any 
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type of semiconductor able to be strained and transferred according to a 
process of the invenliori. 

In the semiconductor layers, other coristituents may be added 
thereto, such as carbon with a carbon concentration in the iayer in question 
5 substantially of less than or equal to 50% or more particularly with a 
concentration of less than or equal to 5%, 
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CLAIMS 

1. Method of producing a structure comprising a thin iayer of strained 
semiconductor materia! obtained from a donor wafer (10), the donor wafer 
5 (10) comprising a lattice parameter matching iayer (2) comprising an upper 
layer of a material chosen from semiconductor materials having a first 
lattice parameter, characterized in that it comprises the foiiowing steps: 

{a) growth of a film (3) of a materiai chosen from semiconductor 
materials on the upper layer of the matching layer (2), which film (3) being 
10 of material having a nominal lattice parameter substantially different from 
the first lattice parameter, wherein the grown film has a thickness small 
enough to keep the first lattice parameter of the upper layer of the 
underlyed matching layer and thus to be strained; 

(b) formation of an embrittlement zone In the matching layer (2); 
15 (g) bonding of a receiving substrate (4) with the donor wafer (10) on 

the film (3) side; and 

(d) removal of a part of the donor wafer (10), comprising supply of 
energy in order to detach at the embrittlement zone ievei, the part of the 
donor wafer (10) comprising the film (3), thus fomaing the structure to 
20 produce. 

2 Method of producing a structure according to the preceding claim, 
characterized in that a process for correcting the surface roughness is 
carried out after step (d), on the surface of the unremoved part of the 
25 matching layer (5), 

3. Method of producing a structure according to claim 1, characterized 
In that step (d) further comprises the removal of the matching layer {2) 
which remains after the supply of energy. 

30 

4. Method of producing a structure according to the preceding ciaim, 
characterized in that tiie removal of the part of the matching layer which 
remains, comprises at ieast one operation of selective etching of the 
matching layer (2) which remains with respect to the material constituting 

3S the film (3). 

5. Method of producing a structure according to the preceding claim, 
characterized In that it further comprises ; 
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. a formation of a layer made of a material which becomes viscous 
from a predetermined temperature, on the surface of the receiving 
substrate (4), before the step (c) ; 

• a growth of a materiai being substantiaily the same as the on0 of 
the fiim (3), on the fiim {3), after having removing the remained 
matching layer (2) in step (d). 

6 Method of producing a structure according to the preceding claim, 
characterized in that the fiim (3) thicl<ened by the growth of materia! : 

- has a thickness more important than the standard critical 
thickness beyond which this materia! usua«y stops to be 
substantially elasticaliy strained ; and 

- is substantiaiiy eiastically strained. 

7 Method of producing a structure according to one of the preceding 
claims, characterized in that, after step (a), a step of growing at least one 
growth iayer (6) on the film (3) is additionaily carried out, so that the fiim (3) 
stays substantiaiiy elasticaliy strained, 

8 Method of producing a structure according to the preceding claim, 
characterized In that the growth iayer (6) has a nominal lattice parameter 
substantiaiiy identicai to the first lattice parameter. 

9 Method of producing a structure according to one of Claims 1 to 8, 
characterized In that, between step (a) and step (c), steps of growing, on 
the film (3), of layers which are not substantially decreasing the strained 
state of the film (3) are additionally carried out, these groMh layers forming 
a muitilayer structure having a respective alternation of layer having the 
first lattice parameter and of iayer strained to have the first iattice 
parameter, the growth layer (6) directly made on film (3) being a layer 
having the first iattice parameter. 

10 Method of producing a structure according to one of the preceding 
claims, characterized in that, behveen step (a) and step (c), a step of 
forming at least one bonding iayer between the receiving substrate (4) and 
the donor wafer (10) is additionaily carried out, the bonding iayer being 
formed on the receiving substrate (4) and/or on the bonding face of the 
donor wafer (10), 
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11 Method of producing a structure according to the preceding cMrn, 
characterized in that the bonding layer is made of sHica, 

12 Method of producing a structure according to one of the preceding 
s claims, characterized in that step (c) of the bonding is carried out by 

molecular adhesion (wafer bonding). 

13 Method of producing a stmcture according to one of the preceding 
claims, characterized in that the bonding is accompanied by a thermal 

1 0 treatrmen* tn order to strengthen the bonds. 

14 Method of producing a structure according to one of the preceding 
claims, characterized in that the embriWementzone is formed in step (b) by 
implantation of atomic species into the matching layer (2), at a depth 

15 substantially equal to the implant depth. 

15 Method of producing a structure according to one of Claims 1 to 13, 
characterized in that, before step (a), the embrittiement zone is formed in 
step (b) by porosification of a layer beneath the film (3). 

20 

16 Method of producing a structure according to one of the preceding 
claims, characterized in that the film (3) of strained material is made of 
silicon and the matching layer (2) is made of silicon-germanium, the 
matching layer (2) comprising a buffer layer with a germanium 

25 concentration that increases through the thici<ness and the upper layer 
which is relaxed beneath the strained film (3). 

17 Method of producing a structure according to the preceding claim, 
characterized in that that part of the mc^tching iayer (5) not removed after 

30 the supply of energy during step (d), is at least part of the upper relaxed 
silicon-germanium layer of the matching iayer (2). 

18. Method of producing a structure according to either of the two 
preceding claims, combined with one of the Claims 7 to 9, characterized in 
35 that the growth layer (6) is made of relaxed siHcon-germanium, with a 
germanium concentration substantially equal to the germanium 
concentration of the relaxed upper layer of the matching layer (2), 
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19 Method of producing a staicture according to one of the preceding 
claims, characterteed in that the receiving substrate (4) is made of silicon. 

20 !\^ethod of producing a structure according to one of the preceding 
5 daims. characterized in that the wafer (10) comprises at least one iayer 

furthermore confining carlxjn, with a cartx>n concentration if} the iayer 
substanttaily less than or equai to 50%. 

21 Method of producing a structure according to one of the preceding 
0 claims, characterized in that the wafer (10) comprises at least one layer 

furthermore containing cartx)n, with a carbon concentration in the layer 
substantiaily less than or equai to 6%. 

22 intermediate semtconductor-on-substrate structure (20) produced in 
5 accordance with the method according to one of the preceding Ciaims. the 

thic!<ness of semicoriductor of the structure (20) comprises a part of the 
matching layer (5) and the film (3), the substrate being the receiving 
substrate (4), characterized in that the free surface of the part of the 
matching layer (5) exhibits features of post-detachment embrittiement zone 
0 surface. 

23 Intermediate semiconductor-on-substrate stnicture, according to the 
preceding claim and produced according to daim 8, characterized in that It 
further comprises a layer of a semiconductor material substantialiy the 

5 same as the material of the remainder part of the matching layer (5), being 
between the substrate and the film (3), 

24. Semiconductor-on-substrate structure (20) produced In accordance 
with the method according to Claim 9, characterized in that the thicftness of 

0 semiconductor of the semiconductor-on-insuiator structure (20) consists of 
the film (3) and of a multilayer structure on the film (3), the multilayer 
structure having an aiternation of layers having the first lattice parameter 
and of iayer strained to have the fii^t lattice parameter (the growth iayer (6) 
directly adjacent to the film (3) being a layer having the first lattice 

s parameter), the substrate being the receiving substrate (4), the fiim (3) 
being on the multilayer structure and the multilayer stmcture being on the 
substrate (4). 
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26 Structure semiconductor-on-insu!ator produced by the method 
according to claim 6, characterized in tiat its semiconductor layer 
comprises a film (3) which is eiastically strained even if its thickr^ess is 
more important than the standard critical thici^riess beyond which the 
5 materiaj of the film (3) usually stops to be substantially elasticaiiy strained . 

26 Structure (20) according to one of the four pfeceding ciaims, 
characterized in that it comprises layer of an eiectricaliy insulating materia! 
underlying the thickness of the semiconductor of the structure (20), so that 

10 the stwcture (20) is a semiconductor-on-insulator stoicture, 

27 Structure according to one of the five last claims, characterized in 
that the film (3) is of silicon. 

15 28. Structure according to the preceding claim, characterized in that It 
comprises a SiGe layer adjacent to the film (3). 



wo 20«4/fl0632« 



1/4 



/ 



FIGJa 



FIG.Ib 





FIG.Id 



FIGJc 



2/4 




wo 20«4/fl0632« 



3/4 JO 



2- 

.1 1. 



FIGJa 



FIGJb 



10 



FIGJc 



20 



FIGJd 



FIG.3e 



wo 20«4/fl0632« 



4/4 



10 



FIQ.4.3 



FIG.4b 

-,2 



FIG.4C 




F!G.4d 



FIG.4e 



IN I tzHNA \ lUNAL bfcAHUn KfcrUK i 


PCT/IB 03/03341 


A'xa«iv-t t'> inifmfliiona: PaK'j>iaass!ticaiion WC) orto both, national cias^s^i m VC "nnnnnnnn. 


B. RELDS SEARCHED 


IPC 7 HOIL 


0o«(fffl8nta*ian seawheKJoftwrthan tMmtm docameitoikm So fee ««tenl«<a such teBKMs»« Wmm m iim fieids searshet* 


£P0-Interna1 , PAJ 




OT$ CONSlOSSeP TO 8E WBL£VAWT , 

Citation Of (tocumeot, vsith iBdicaJiiiO, vi*ie!» appn^iiate, otltw retevatil passages 


RofevaniiodaSmNo, 


X 

Y 
A 


WO 02 15244 A (CHENG ZHI YUAN) 
21 February 2002 (2002-02-21) 
cited In the application 

page 4, line 12 -page 5, line 1; figure lA 
page 5, line 21 - line 25; figures 18, IC 
page 7^ line 34 -page line 7; figure 7 
page 8", line 17 - line 23; figure 8 

claims 

1-4,6,9,-11,15,1041,15,30-33,35,38,39 


1-3, 

10-14, 

16,17, 

19,22, 

25-28 

1,3-8, 
10-17, 
19-23. 
25-28 
9,24 


fx] f^''-^ 


to<Sooumontea.«tisJ«dtothe«>BS«««io«ofb«C. |x] P«*a«ttamiiy«*mbor«ai« fisted in ««nfiK. 


<■ S>sdai csiegoites of cHs<i doeumstas t .7. aocumsnt puWi^^ ^rthe irasfiwiianai tiimg tiaSs 

orpfSofaydateViaoifBWsnflKawiththfi «pptioawf.tart 
•A* ciocyraeRt ctefSlBig 1t» geiwfaf state of tSte ait vrftich &s not cKsd to undsfsuifid the prindpie or tissory undurVmg ffte 

coR^flsredtobeoftwracuiarisfwanco tavenaon 
'E* esf a«ff (toeunisfll tita pablishc-d on of aftef tise imemisSonal «x' (JciaimeRt <rf pajtieatar tefevance; m cSaimsci enijon 

tama dale osKiaot bs coosiiftsfsd novai or cannot fce cwisnlereiJ to 
.. . ^,L«j ««« (h«M« do.ititsi on oiorfw <fein>fe} or Ssv^« a" invenf^e step tshen ifts document « iaten asone 

citafen orottospectatt»a90.» (as speciSea) cannot Be P««S<tewdio ig^ve »t m^^^ 

<Stiern!^nB , (nttieal 


O^tsotiteaetoaf cofr««stion of iheifitesi^atssateh 

20 Movesiber 2003 


Date of maiSftg of »6 inssmaiksiat sssrsft ftpon 
02/12/2003 


t-jsiHie and maiSiiti »<Jctfi3S$ Of the tSA 

Eutopisan t>al«sf!t Ottic«, P.R 58t8 fateiiltaan a 
Nt-aJSOUVRiiBWiiK 
T»t 1 , 3-t-?i» 3*0 <;04C' ! \ 1 .>-M t pi ni 
F3)f. <*31-rO) »«Hi016 


AutfiofSssSiJ otScer 

Klopfenstsin, P 



page 1 of 4 



INTERNATIONAL SEARCH REPORT 



PCT/IB 03/03341 



CtContifiuatioi^} OOCUMEtJTS CO!®fDSREB T0 8£Ba,iVAtff 



?mm ABSTRACTS OF JAPAN 

vol. 2000, no, 23, 

10 February £001 (2001-02-10) 

-& OP 2001 168342 A (FUJITSU IT0), 

22 June 2001 (2001-06-22) 

abstract 

paragraph '0005! - paragraph '0006! 

paragraph *0019! - paragraph * 0021 1 
figures 3A-3C 

paragraph '0024! - paragraph '0030! 
figures 5A-6E 

paragraph '0031! - paragraph '0033! 
figures 7A JB 



WO 01 99159 A (MASSACHUSETTS INST 

TECHfiOLOSY) 27 Oecerober 2001 (2Q01~12~27) 

cited in the application 

page 19, line 19 -page 21, line 4; figures 

liA-llF 



US 6 323 108 Bi (H08ART KARL D ET AL) 
27 November 2001 (2001-11-27) 
dtsd 1n the application 

coluran 1, line 5 - line 16 

colunm 3, line 13 - line 20 

coluRiii 3, line 36 - line 53 

column 5, line 11 - line 27; figure lA 

colURsn 5. line 38 - line 44 

column 5, line 57 -column 6, line 56; 

figures IB-IE 

colURin 7, line 12 - line 25 
coluisn 8, line 10 - line 22; clairas 
1-9,U-13 

US 6 059 985 A (l^UmSAWA YOICHIRO ET At) 

9 May 2000 (2000-05-09) 

coluiBn 1, line 9 ~ line 14 

coluinn 2, line 43 -coluran 4, line 5; 

figures 1-4 



22-24, 
26-E8 



B.6.23, 
25 

1,3,5, 

7-13,16, 

18,19 

22,23, 
26-2S 



7,8 
1,3-5, 
10-13, 
16-19 

1.3,4,7, 
8,10-17, 
19-23, 
26-28 



5,24,25 



22-24, 
26-28 



1,3-5, 
9-13, 
16-19 



page 2 of 4 



INTERNATiONAL SEARCH REPORT \\tmm ^ psscation ite 

1 PCT/I8 03/03341 


C,{Con«fsttattor>> OOCUKSE^TSCONSHjeREDtb RELEVAOT 






Ciisitosi of tiocuffienf , wJtS-i IftjScaito ft .v^'tiera appfoprSate, of fns retev»nt passagas f 






WO 02 0S0241 A (IBM) 

10 October 2002 (2002-10-10) 


1.3,4,7, 

10-12, 

14,17, 

19,22, 

26-28 


P,A 


paragraph '0006! 

paragraph *0011! - paragraph '0017!; 

figure 1 

paragraph '0019! 


5,6,15, 
16,25 


P,X 
P,A 


m 02 071493 A (AMBER^AVE SYSTEMS CORP) 

12 September 2002 (2002-09-12) 

page 1. line 12 ~ line 30 

page 4, line 18 - line 25; figure 1 

page 6, line 22 -page 7, line 13; figures 

4A~4D 

page 7, line 22 -page 8, line 7; figures 

Dft DU f Oft vu 

page 8, line 33 -page 9, line 19; figure 

aA 

page 12, line 14 - line 24; figures 
12A,13A 


22-24, 
26-28 

1,2,7-9, 
16-19 


A 


WO 02 27783 A (IBK UK jIBM (US)) 
4 April 2002 (2002-04-04) 

page 1, paragraph 2 

page 4, paragraph 6 -page 7, paragraph 1; 

figures 1-4 

page 7, paragraph 5 

page 9, paragraph 3; figure 7 


1.2,7,8, 

l6-14, 

16-19, 

22,23, 

26-28 


A 


US 2002/030227 Al (fiAYANK T. 8ULSARA ET 
Al.) 14 March 2002 (2002-03-14) 


1,7>S, 
22,23, 
26-28 


A 


paragraph '0007! 

paragraph *0009! - paragraph '00101 
paragraph '0025! - paragraph '00271; 
figure 4 

paragraph '0047!; figure 11 
paragraph "0049! ~ paragraph '0050!; 
figures 12,13 


1,5,6,1? 



Fobs PCTjSSAj'SSIS (caciSjUwion ai tsMSfKf aSfsS (JS)iy ISSg; 



page 3 of 4 



INTERNATiONAL SEARCH REPORT 1'"^" ^ .^pHcaiton f^o 

1 PCT/IB 03/03341 


C.(0on(inu3tion) DOCUMENTS CONSJDeREO TO BE RELEVAffT 




OtlsJMi- v't cixtHUBnt. sv:ih imfc-jfiffli v!W:'<i -J ppK trials- tim tetevaftt jwissages l" 




A 


MIZUNO T U AL: "High perfomance 
strained-Si p-MOSFETs on SiGe~on-1nsulator 
substrates fabricated by SIHOX technology" 
ELECTRO!^ DEVICES MEETIf^G, 1999. I EDM 
TECHNICAL DIGEST. INTERNATIONAL 
WASHINGTON, DC, USA 5-S DEC. 1999, 
PI SCAT AWAY, m, USA, IEEE, US, 
5 December 1999 (1999-12-05), pages 
934-936, XP010372ilO 
ISBN: 0-7803-5410-9 
the Whole docuaient 


1,7.S, 
16,13. 
19,22, 
23,26-28 



page 4 of 4 



INTERNATfONAL SEARCH REPORT 



(nlev _ ippiicfftlott No 

PCT/IB 03/03341 



patent document 




Pubiiestton 




Patent iamify 




dtsd in ssgffoti rsport 












m 0H15244 


A 


21-02-2002 


EP 




]^4_Q5_2003 






WO 


0215244 A2 


£1-02-2002 












21-08-2003 








US 


20Q316S654 Al 


11-09-2003 








US 


2002072130 Al 


13-06-2002 


0? 2001168342 


A 


22-06-2001 


MONE 






WO 0X99159 


A 


27-12-2001 


AU 


00&//U1 A 






E? 


1295319 A2 


26-03-2003 








WO 


0199169 A2 


27-12-2001 


US 63E310S 


B] 










US 6059985 


A 


09-05-2000 




92834B9 A 


31-10-1997 










16-10-2000 








T14 


406345 8 


21-09-2000 


WO 02080241 


A 


10-10-2002 


US 


2002X40031 Al 


03-10-2002 






m 


02080241 Al 


lQ-XO-2002 


yO 02071493 


A 


12-09-2002 


US 


2002123167 Al 


05-09-2002 






US 


6593641 Bl 


15-07-2003 








m 


02071493 A2 


12-09-2002 








wo 


0207149S Al 


12-09-2002 








wo 


02071491 Al 


12-09-2002 








wo 




12-09-2002 








us 


2003077867 Al 


24-04-2003 








us 


2003089901 Al 


15-0S-2003 








us 


20021231S3 Al 


05-09-2002 








us 


2002125497 Al 


12-09-2002 


WO 0227783 


A 


04-04-2002 


us 










AU 


9202401 A 


08-04-2002 








EP 


1320883 Al 


25-06-2003 








WO 


0227783 Al 


04-04-2002 








TW 




Ai_i ?-?nA? 

Vi XC CV\}C 


US 2002030227 


AX 14-03-2002 


EP 


1252659 Al 


30-10-2002 






OP 


2003520452 T 


02-07-2003 








WO 


0X54202 Al 


26-07-2001 





B42 



(19) World iHtt'Htctual Pr*^erty ^^^^^ 

. iiililiiiilililiiiiiiiliiiil! 

i<;h«uan2mu(i5 0i2tm) PCI wo 2004/006327 V2 

(Si) lTiterai!ii(Hia]}^i«ntOa.<uai!«ttW: ilOlL 21/7^2 (74) Agents; MAKTfNV J«an'J«f^He» al: Cabincr R^gim- 

beau, 20. nia tie Chssfalfes, I'-7S{5^7 Paris Cedes 17 <I«). 

KnyiB3()03/(}0.m6 (BD thi^^ml^ States (natkmaih All AG. AM. AT. AO. 

\/ B\ BH B{ BR 8\ B/ { \ ( H C N t O t K U 
(22) IniernataintiU'ding I)»«te 9juf> ^00>(0()«7''0(m (/ tn !)V !>/ ) ( I f f M < ?^ CO < f < H 

GM. HR.. HI.;. fi>. if... TN. iS. m K\\. KG. Ki> KR. KZ. iX;. 
<JS) nhns;Ia«s;nagt 1 ! k ! K ! s H i f ) \ ^^ v OK U M\ \m 

M\ M/ \{ \0 V 0\t K. nU i if KO R( V 
SIX SiL SO. SK. Si... .SY, T,f. TM TN. T R. TT, TZ, UK 
Ua US. 132, VC. VN, YU, 7A Z.M ZW, 



*> h K 20{J2 <(W 07 t-R <*^' '> ^' ^ " " " -'^^^^ro patens mi, GM, 

KH. LS. MW, MZ, SI), SJ., SZ. 17:, UCi, ZM, ZW). 
l.-:ut«!,ia« patcat (AM. ;VZ. BY; KG, KZ, MD. RU. TJ, TM), 
B«K»pea« psjent (AT. BR. BO, CH, CY, CS, »E. DK. KR, 

iwnquu f ,8tOOB.r«.naR ^.^ j^^, ^^ ^ 

,5, j„ M iJj h < s \t(>.ltj t ^snn \iiih<itt mttfutKnul \(- 1) h nport mtdT^hc npub nfk"! 

(.ic's TakuLs. I'-mm f3f«.u>>.fe f)-R>. <)S'f K«- 
\\n>tl<K>d>i fR/ij ^( t ! . t ! f «j HJ< f wv? / f <! o 



wo 2004/fl06327 



PCT/IB3(«)3/«03466 



TRANSFER OF A THIN LAYER FROM A WAFER COMPRISING 
A BUFFER LAYER" 

The present invention relates to a transfer of thin layers from a wafer 
to a receiving substrate, in order to form structures such as a 
semiconductop-on-insulator structures, also calied a SeOi (Semiconductor- 
s on-lnsulator) structures, 

A first object of a such transfer is usually to produce electronic 
stnjcttires whose active tayer, that is to say the tayer which comprises or 
which wiii comprise the electronic components, is particulariy thin and 
particularly homogeneous through the thickness. 
10 A second object of the transfer can also be to produce these 

structures by transferring the active layer onto a receiving substrate from a 
wafer comprising a buffer iayer. 

A third object of the transfer may be to provide the possibility of 
reusing part of the wafer, and especially at least part of the buffer iayer, for 
15 another transfer. 

The term "buffer iayer" is understood to mean a layer Intenmediate 
between two crystallographtc structures with different lattice parameters, 
having in the region of one of its faces a lattice parameter substantiatly 
identical to that of the first staicture and in the region of its other face a 

2 0 lattice parameter substantially identlcai to that of the second structure. 

Thus, a wafer may, for example, comprise a single-crystal silicon 
(also called Si) wafer on which a relaxed layer of silicon-germanium (also 
called SiGe) is produced by means of a buffer iayer, despite the difference 
in lattice parameter existing between these two materials. 
25 By "relaxed tayer" it is meant a iayer of a semiconductor materia!, 

having a crystaliographic relaxation rate, as measured by X-ray diffraction 
or Raman spectroscopy, supeHor to 50%. A layer having a 100% relaxation 
rate, has a lattice parameter substantially identical to the nominal lattice 
parameter of the material of the layer, that is to say the iattice parameter of 

3 0 the material in its bulk form in equiiibrlum. 

Conversely, the term "strained layer" means any iayer of a 
semiconductor materiai whose crystaiiographic staicture is strained in 
tension or in compression during crystal growth, such as epitaxy, requiring 
at least one iattice parameter to be substantially different from the nominal 
3 5 lattice parameter of this material. 

Thus, a buffer iayer ma!<es it possible to grow a SiGe layer on a Si 
substrate without this SiGe layer being strained by the Si substrate. 
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Given that bulk SiGe is usually not available on the market, the use 
of a buffer layer in a wafer In order to have a relaxed SiGe layer on the 
surface makes it possible to produce a structure which can thus fuifil the 
same functions as a buli^ SiGe substrate. 
5 The buffer layer inserted betu'een the Si wafer and the relaxed SiGe 

layer is generally made of SiGe, with a quantitywise proportion of 
germanium which progressively increases through the thicicness of <J\e 
wafer towards the reiaxed layer. 

Thus a silicon-germanium buffer layer can be referred as a Sh-xGex 
10 bulfer layer, the x parameter representing the genmanium concentration in 
the buffer layer increasing progressively from 0 to r. 

The relaxed SiGe layer on the surface of the Sii.xGsx buffer layer is 
thus referred as the relaxed Sii^fGef layer, the r parameter representing the 
germanium concentratbn in said relaxed layer, 
15 Thus, the Sii-^Gex buffer layer makes it possible to: 

- gradually increase the germanium content x from the wafer (x=0) 
towards the relaxed layer (x^r); 

- confine defects associated with the difference in lattice parameter 
so that they are burled; 

20 - give a sufficiently thick relaxed Sh.,Qet layer stability with respect 

to a film of different material epitaxially grown on its surface in order to 
strain the tatter so as to modify its lattice parameter without influencing that 
of the relaxed Sii.rGer iayer. 

For all these reasons, the buffer layer must be sufficiently thick, 
2 5 typically having a value greater than one micron . 

It has also to be stated that controlling the germanium concentration 
within a relaxed SiGe layer makes it possible to control its tattlce parameter 
and thus the strain exerted on a film epitaxially grown on said relaxed SiGe 
layer. 

30 Another object of the invention aims at controlling the different 

structural states (strain or relaxation rates) of the various layers composing 
the final structure (such as a relaxed SiGe layer) and more particulariy at 
exceeding the restrictions of the cunBnt techniques limiting to 
approximately 30% the concentration r of germanium within the relaxed Sli. 

3 5 rOer layer on the surface of the Si i .yGe-^ buffer layer. 

Processes of transferring the layer of relaxed material grown 
epitaxially on such a buffer layer from the v^/afer on to a receiving substrate 
are known. 

Such processes are, for example, proposed in an IBM document by 
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L.J. Huang et a!. {"SIGe-On-lnsulator pmpared by wafer bonding and layer 
iransfer for high-peiformance field-effect iransistors". Applied f^hysics 
Letters. 26/02/2001 Vol. 78, No. 9) and in document WO 02/33746, in 
which documents an SGOS {Siiicon-Germanium-On-insuSator) structure is 
5 produced from a wafer comprising in succession a singie-crysta! St support 
substrate, an SiGe buffer layer and a relaxed SiGe layer. 

One process employed in a document by LJ. Huang et aL consists in 
carsying out a Smart-Cut® process of the Appiicant, known to those skilled 
in the art, and descriptions of which may be found in a number of works 
10 dealing with wafer reducUon techniques, in order to remove the retaxed 
StG0 tayer so as to transfer ft by means of bonding on to an oxklized 
receiving substrate, thus producing an SGOl structure. 

Despite the advantages that this process affords, a few rough areas 
may form on the surface of the transferred iayer and a surface finishing 
15 step then has to be carried out. 

This finishing step is generally carried out by means of CMP 
(chemical-mechanical polishing or chemical-mechanical planarization), 
which may create surface defects (such as strain-hardened regions), which 
may imperfectly correct the thickness, and thus retain inhomogeneous 
ao layer thicl<nesses, and which may slow down the transfer of the SiGe layer, 
and increase its cost 

The process presented in document WO 02/33746 includes, in 
addition to a CMP polishing step, preiiminary iapping. polishing and etching 
steps in order to remove part of the v-zafer, thereby slowing down the overall 
25 process of removal from the wafer and Increasing Its cost even further, 
while not ensuring good homogeneity in iayer thickness. 

The abovementloned first object of the transfer Is theralbre not 
sufficiently achieved in this case. 

To try to alleviate this, document US 5 882 987 and US 6 323 108 
30 disclose an overall process for producing SOI (siiicon-on-lnsuiator) 
structures from a wafer comprising in succession a single-crystal Si support 
substrate, an SiGe iayer and an epitaxiaily grown SI layer bonded to art 
oxidized receiving substrate. 

The Smart-Cut® technique Is employed and causes, after bonding 
35 the wafer to a receiving substrate, detachment of part of the wafer at the Si 
support substrate. 

A structure consisting in succession of part of the SI support 
substrate, the SiGe layer and the epitaxiaily grown Si layer Is thus 
removed, the whoie assembly being bonded to the oxsdizBd receiving 
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substrate. 

Two successive selective etching operations are then carried out on 
the structure in order to rennove firstly the remaining part of the Si support 
substrate with an etching sofution such that the SiGe layer forms a stop 
5 layer and then in order to renr^ove the SiGe layer with an etching solution 
such that the Si layer forms a stop layer. 

The structure obtained at the end is an SOi stfucture with a surface Si 
layer. 

Thus, an SeOi staicture is obtained with a semiconductor layer which 
XO is both thin and uniform through the thickness, substantially identical to the 
epitaxiaiiy grown initial layer, while avoiding the use of a finishing step 
other than a selective etching operation. 

However, the SiGe layer inserted between the Si wafer and the 
epitaxiaiiy grown Si layer has a typical thickness of between 0.01 and 
15 0.2 microns, a thickness which is insufficient, as mentioned above, to 
pretend to fulfil the role of a buffer iayer between the SI wafer and a 
potential relaxed SiGe layer. 

The wafer therefore does not include a buffer layer. 
The abovementloned second object of the transfer is therefore not 
20 achieved in this case, 

in addition, given the order of magnitude of the thickness of the 
inserted SiGe iayer. the structural state of the latter does not seem defined 
with certainty. 

Now, another main objective of the transfer relates also to the 
25 production of a final structure connprising one or more layers in 
substantially controlled structural states, such as a substantially relaxed 
SiGe layer, something which does not seem to be guaranteed in the 
production of a stnjcture described in the document US 6 323 108. 

As regards document WO 01/99169, this provides processes for 
30 producing, from a wafer consisting in succession of an Si substrate, an 
SsGe buffer layer, a relaxed SiGe layer and optionally a strained Si or SiGe 
iayer, a final structure with the relaxed SiGe layer on the optional other 
strained Si or SlGe layer. 

The technique employed for producing such a structure involves, after 
35 bondinrj the wafer to a receiving substrate, removal of the material of the 
wafer that it is desired not to retain, by selectively etching the Si substrate 
and the SiGe buffer layer. 

Although it transpires that this technique does ma}(e it possible to 
achieve particularly small layer thicknesses which are homogeneous 
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through the thickness, it entails, however, destruction of the Si 
substrate and the SiGe buffer fayer by chemical etching. 

These processes therefore do not allow the possibsiity of reusing part 
of the wafer, and especially at least part of the buffer layer, for a further 
5 transfer of layers. 

The third object of the transfer mentioned at the start of the document 
is therefore not achieved in this case. 

WO 02/15244 document describes a source wafer, provided before 
transfer, comprising relaxed SlGe layer/strained Si/SiGe layer / buffer SIGe 
. 0 layer / SI substrate structure. 

Then, the transfer consists doing a Smart-Cut® process at the 
strained SUayer level. 

Implanting ions in the strained layer of Si can be diffjcult to operate 
due to the thickness of a such layer, and can thus lead to creation of 
L 5 structural damages inside the SiGe layers surrounding it. 

In order in particuiar to achieve these objectives, the present 
Invention provides, accordif^g to a first aspect, a method of producing a 
structure comprising a thin layer of semiconductor materia! obtained from a 
wafer, the wafer comprising a lattice parameter matching layer comprising 
so an upper layer of a material chosen from semicondurfor materials having a 
first lattice parameter, characterized in that it comprises the following steps: 

(a) gro\\'th on the upper layer of the matching layer of a film of a 
material chosen from semiconductor nnateriais, said grown film being of a 
material having a nominal lattice parameter substantially different from the 

25 first lattice parameter, said grown film having a thickness small enough to 
keep the first lattice parameter of the upper layer of the underiyed matching 
layer and thus to be strained; 

(b) growth on the film of a relaxed layer, said relaxed layer being of 
a material chosen from semiconductor materials comprising silicon and at 

30 least another element and having a nominal lattice parameter substantially 
identical to the first lattice parameter; 

(c) removal of at part of the wafer, comprising the following 



- formation of an embrittlement zone in the matching layer; and 

- supply of energy in order to detach, at the embrittlement zone 
level, the part of the wafer comprising the relaxed layer, thus 
fomning the structure to produce; 

(d) enrichment in an element other than silicon of the relaxed layer 
comprised in the detached part of the wafer. 



wo 2004/(306327 PCT/IB2<M»3/(R>3466 

6 

Further characteristics of the method according to the inventiofs 
are the foitowing ; 

" the enrichment step comprises an oxidation operation of the detached 
part of the wafer for forming an oxide layer on the surface of the thus 
5 oxidized detached part of the wafer and increasing the concentration of the 
element other than silicon in a region of said relaxed tayer wliich fe 
subjacent said oxide iayen 

- the ennchment step may also coniprises a deoxidation operation for 
removing the oxide layer formed during said oxidation operation. 

10 - the enrlciiment step may also comprises a heat treatment operation for 
homogenising the concentration of the element other than silicon within 
said oxidized part of the wafer; 

~ the heat treatment operation can be carried out after the oxidation 
operation, either before or after said deoxydation operation; 
15 ~ the heat treatment operation is preferentiaiiy carried out at a 
temperature of approximately laOO'C; 

- after the growth step (b), an additional step is carried out in which a 
receiving substrate is bonded to the wafer on the relaxed layer side; 

- in this case, the receiving substrate is made of siiicon; 

20 - in either of these latter two cases, before bonding, a step of forming at 
least one bonding iayer between the receiving substrate and the wafer ts 
furthermore carried out, the bonding layer being fomned on the receiving 
substrate and/or on the bonding face of the wafer; 

- in the latter case, the bonding iayer is an electricaily Insulating material 
25 such as silica; 

- the embrittiement zone is formed by implantation of species into the 
matching layer at a depth substantiaiiy equal to the implant depth; 

- before the growth step (b), the embrfttlemertt zone is formed by 
portjsificatfon of a layer beneath the relaxed iayer; 

30 -the removal step (c) comprises, after the energy supply operation of said 
removal step (c), at least one selective etching operation; 

- in one of the latter two cases, a selective etching operation relates to the 
etching of the remaining part of the matching layer with respect to the film 
(after detachment of the wafer by energy supply) ; 
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- it furtiier comprises after said etching operation and before the 
enrichment step (d) a growth on the film (3) of a fiim of a semiconductor 
material substantiaity the same as the one of the fi!m (3) ; 

- it forther comprises an oxidation of said grown film ; 

" an annealing treatment is operated at the same time or following the 
oxidation, this annealing treatment being able to strengthen the bonding 
interface. 

- in the fatter case, a selective etching operation relates to the etching of 
the film with respect to the reiaxed layer; 

the process furthermore comprises, after the removal step (c), a step of 
growing a layer on the relaxed Sayen 

- in this case, the growth layer on the relaxed layer is made of strained 
material; 

- the matching layer is made of sillcon-gemianium {the matching layer 
comprising a buffer iayer with a germanium concentration which increases 
through the thickness and a reiaxed layer beneath the film), the film of 
strained materia! Is made of siilcon, the element other than silicon is 
germanium so that the relaxed iayer is made of substantially relaxed 
stiicon-germanium (with a germanium concentration substantially equal to 
the germanium concentration of the reiaxed layer of the matching layer); 

- the element other than silicon in the relaxed iayer may also be carbon or 
an alloy germanium-carbon; 

- in the latter cases, the growth layer produced on the relaxed layer is 
made of strained silicon so as to substantially preserve the lattice 
parameter of the subjacent relaxed silicon-gemnanium layer; 

- the wafer comprises at least one layer furthermore containing carbon 
with a carbon concentration in the layer substantially less tiian or equal to 
50% ; 

- the wafer comprises at ieast one layer furthemiore containing carbon 
0 with a carbon concentration in the layer substantially less than or equal to 

5%. 

According to a second aspect, the invention provides a stmcture, 
obtained as indicated by the method proposed by the first aspect of the 
invention after a bounding step with a receiving substrate and said 
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enrichment step (d), comprising In succession at least a receiving 
substrate and the relaxed iayer comprised in the detached part of the wafer 
and enriched In Its element other than silicon, characterized in that said 
reiaxed layer has a lattice parameter substantially superior lo said first 
lattice parameter; 

According to a third aspect, the invention provides an application of 
the method proposed by the first aspect of the invention to the production 
of one of the following "semiconductor on insulatof structures : SGO!, 
strained Si / SGO!, SIGe / strained Si / SGOl, SiOa / SGOI. 

Further aspects, objects and advantages of the present invention wiii 
become more clearly apparent on reading the following detaiied description 
of the implementation of preferred processes of the invention, these being 
given by way of non-lfmiting example and with reference to the appended 
drawings in which: 

. figures 1a, 1b, ic, id, 1e and If show the various steps of a 
method of producing an electronic structure comprising a thin SiGe 
iayer according to the Invention; 
- figures 2a, 2b, 2c and 2d show the various steps of a treatment 
applied to a iayer made of a semiconductor material comprising 
silicon and at least another eiement in order to enrich said layer in 
said other element. 
An example of a method according to the invention wi!) now be 
described below, which starts, with reference to figure 1a, from a wafer 10 
consisting in the first place of a single-crystal silicon support substrate 1 
and a lattice parameter matching layer 2 made of a semiconductor material 
comprising silicon and at least another eiement. 

The expression "lattice parameter matching iayer" denotes any 
structure behaving as a buffer layer and having, on the surface, a iayer of 
substantially reiaxed material without an appreciable number of stwctural 
0 defects, such as dislocations. 

Thus, in our example, it will be advantageous to choose a lattice 
parameter matching layer 2 made of a semiconductor material comprising 
silicon and germanium. 

Said SiGe lattice parameter matching layer 2 consists In succession 
of a Sfi.xGex buffer layer, the concentration x of germanium within this 
buffer layer Increasing progressively from 0 to r, and a relaxed Sit-rGer 
layer on the surface of said Sli-xGex buffer layer. 

The buffer layer preferably has a germanium concentration x which 
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grows uniformly from the interface with the support substrate 1, for 
reasons which were explained above. Its thickness is typicaliy between 1 
and 3 micrometers in order to obtain good structura! relaxation on the 
surface. 

5 The relaxed Sii-rGer fayer has advantageously been formed by 

epitaxy on the surface of the buffer layer and its thickness may vary widely 
depending on the case, with a typical thickness of between 0.5 and 1 
micron. 

The germanium present in the silicon at a concentration r within the 
10 relaxed SivrGer layer makes it possibie to strain a Si film 3, grown on said 

relaxed Sii^Ger layer during the next step (shown by Figure 1b), 

IHowever, the cost of a buffer layer is generally very important, and its 

quality is badly controlled orice the maximum concentration of gemnanium 

within a Sii-xGex buffer layer becomes high. 
15 Indeed current techniques limit to approximately 30% the 

concentration r of germanium within the relaxed Sii.rGer layer on the 

surface of the SiGe lattice parameter matching layer 2. Hence, the 

constraint exerted on the St film 3 grown on said matching layer 2 is aiso 

limited. 

20 With reference to Figure 1b, an Si fiim 3 is grown on the SiGe 

matching layer 2. 

In a first case, the film 3 is grown in situ, directly In continuation with 
the formation of the subjacent matching layer 2, the latter also being in this 
case advantageously formed by layer groMh, 
25 in the second case, the film 3 is grown after a gentie finishing step 

carried out on the surface of the subjacent matching iayer 2, for example 
by CMP polishing. 

The Si film 3 is advantageously formed by epitaxy using techniques 
such as CVD (chemical vapour deposition) and MBE (molecular beam 
30 epitaxy) techniques. 

The silicon of the film 3 is then obliged by the matching layer 2 to 
increase its nominal lattice parameter in order to make it substantially 
identical to that of its growth substrate and thus introduce internal tensile 
strains, 

35 It is necessary to form quite a thin Si film 3 - this is because too great 

a film thickness wouid cause the strain in the thickness of the film to relax 
towards the nominal lattice parameter of the silicon and/or defects to be 
generated in the fiim 3, 

The thickness of the film 3 is thus typically less than 200 angstroms In 
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order to avoid any relaxation of the strain therein. 

Referring to Figure 1c, a relaxed SiGe layer 4 is grown on the 
strasned St im 3, advantageously by epitaxy (for example by CVD or 
MBE). 

5 This reiaxed SiGe layer is produced either in situ, immediateiy after 

growth of the subjacent film 3, or after a soft finishing step carried out on 
the surface of the subjacent fiim 3, such as a CiVlP poiishing step. 

The germanium concentration in this layer 4 h substantlaiSy the same 
as that present near the bonding face of the matching layer 2 (that is to say 
10 a concentration r in Ge). so as to keep the nomina! matching parameter of 
the relaxed SiuGot layer present at this leve! In the matching layer 2 and 
preserved in the strained Si film 3, 

The thickness of this relaxed SiGe layer 4 may be from a few tens to 
a few hundreds of nanometres, preferably between 10 and 100 
IS nanometres. 

With reference to Figure Id, a receiving substrate 5 is 
advantageousiy bonded to the reiaxed SiGe layer 4. 

This receiving substrate 5 may, for example, be made of silicon or 
may consist of other types of materials. 
20 The receiving substrate 5 is bonded by bringing it into iritimate contact 

with the reiaxed layer 4, advantageously effecting molecular adhesion 
(wafer bonding) between the substrate 5 and the layer 4. 

This bonding technique, as well as variants, is especially described in 
the document entitled "Semiconductor Wafer Bonding " (Science and 
25 Technology, Interscience Technology) by Q.Y. long, U. Gdseie and WBey. 

if necessary, bonding is accompanied by an appropriate prior 
treatment of the respective surfaces to be bonded and/or by supplying 
thermal energy and/or supplying an additional bonding layer. 

Thus, for example, a heat treatment carried out during bonding allows 
3 0 the bonds to be strengthened. 

Bonding may also be reinforced by a bonding layer inserted between 
the layer 4 and the receiving substrate 5, which makes it possible to 
produce molecular bonds both with the layer 4 and with the material 
constituting the bonding face of the receiving substrate 6 which are at least 
• 35 as strong as those existing between the layer 4 and the receiving substrate 
5. 

Thus, silicon oxide {also called silica or SiOz) is a material that may 
be chosen for producing such a bonding layer. The silica may be formed on 
the reiaxed layer 4 and/or on the receiving substrate 5, by SIO2 deposition 
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or by thermal oxidation on the respective bonding surfaces. 

Advantageously, the material constiiuting the bonding face of the 
receiving substrate 5 and/or the materia! of the boriding layer opiionatly 
formed is electricaliy insulating, in order in the end to produce an SeO! 
5 Structure 20, the semiconductor layor of the SeO! structure then being the 
transferred relaxed layer 4, 

Once the receiving substrate 5 has been bonded, part of the wafer 10 
is removed in order to transfer the relaxed SIGe layer 4 on the receiving 
substrate 5 and thus produce the desired structure 20. 
1 0 SubstantiaUy ali that part of the wafer 1 0 on the matching layer 2 side 

in relation to the relaxed SiGe layer 4 is removed. 

With reference to Figures 1e and If, this materia! removal is carried 
out in two steps. 

A first step of material removal, shown in Figure 1e, consists In 
15 removing substantially the entire part of the wafer 10 on the matching layer 

2 side In relation to the film 3, 

To do this, a first materia! removal operation consists in detachment 
the donor wafer in a region of the matching layer 2 that has been 
weakened beforehand in this region, 
20 Two known non-iimiting techniques may thus carr\' out such an 

Operation. 

A first technique, caiied the Smart-Cut® technique, known to those 
skilled in the art (and descriptions of which may be found in a number of 
works dealing with wafer reduction techniques), consists in implanting atom 
25 species (such as hydrogen Ions) and then In subjecting the implanted 
region, which then forms an embrittlement zone, to a heat treatment and/or 
mechanical treatment, or another supply of energy, in order to make the 
detachment in the embrittiement zone. 

Detachment of the embrittlement zone thus formed in the matching 
30 layer 2 makes it possible to remove most of the wafer 10. In order to obtain 
a structure comprising the remainder of the matching layer 2, the strained 
Si film 3. the relaxed SIGe layer 4, the optional bonding layer and the 
receiving substrate 5. 

A second technique consists in obtaining a weak interface by creating 
35 at least one porous layer, as described for example in document 
848 788, and then in subjecting the weak iayer to a mechanicai 
treatment, or another supply of energy, in order to make the detachment in 
the weakened layer. 

This weakened layer made of poraus silicon is formed within the 
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support substrate 1, beM'een the support substrate 1 and the 
matching tayer 2, in the matching layer 2 (for example between a buffer 
layer and a relaxed layer) or on the matching layer 2 (that is to say 
between the matching layer 2 and the strained Si film 3). 
s To form a weakened tayer within the support substrate 1 , the porous 

layer is advantageously formed on a single-crysta! Si wafer and then a 
second growth is carried out on the porous layer, so as to grow a non- 
porous Si iayer having substaritiaHy the same lattice parameter as the Si of 
the wafer; the support substrate 1 then consists of the wafer, the porous 
10 iayer and the non-porous Si layer. 

A detachment at the weai<ened layer mai<es it possible to remove at 
least some of the wafer 10, In order to obtain a structure comprising the 
optional remainder of the wafer 10, the strained Si film 3, the relaxed SiG© 
iayer 4, optionaily the inserted bonding layer and the receiving substrate 5. 
15 A treatment of the wafer 10. in order to remove the porous silicon 

which remains after the detachment, is advantageously carried out, such 
as an etching operation or a heat treatment. 

if the porous iayer ties within the support substrate 1, a lapping, 
chemical-mechanica! polishing and/or selective chemical etching 
20 operations are then advantageously carried out in order to remove the 
remaining part of the support substrate 1 . 

These two non^imiting techniques make it possible to rapidly remove, 
en bloc, a substantial part of the wafer 10. 

They also allow the possibiiity of reusing the removed part of the 
25 wafer 10 in another process, such as for example a process accoixJing to 
the invention. 

Thus, if the part removed is the support substrate 1, an operation to 
reform a matching iayer 2, a film 3 and a relaxed layer 4 may be canied out 
as described above, after the surface of the support substrate 1 has been 
30 polished, 

A second material removal operation after detaching the wafer 10 
accortllng. for example, to one of the above two techniques, consists in 
removing, If necessary, the remaining part of the matching layer 2, 

This operation may be carried out by selective chemical etching so 
35 that the strained Si film 3 undergoes little or no etching, thus forming an 
etching stop layer. 

The remaining part of the matching layer 2 is in this case etched by 
wet etching using etch soiutions having substantial seiectivities with 
respect to the strained Si film 3, such as a solution comprising 
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HF/H2O2/CH3COOH {approximately 1/1000 selectivity) or HNA 
(hydronuoric-nitnc-acetic solulion). 

Dry etching operations rnay also be carried oui ir^ order to remove 
material, such as pSasma etching, or by sputtering. 
5 This chemical method has the main advantage of being quite rapid for 

thin layers to be removed and of avoiding the use of chemicai-mechanica! 
polishing finishing operations usually empioyed after detaching the wafer. 

However, the chemical etching operation may advantageously be 
preceded, especiaily in the case of a thicker layer to be, removed, by 
10 mechanical or chemicai-mechanica! abrasion by lapping and/or chemicai- 
mechanica! polishing CMP of the remaining part of the matching layer 2. 

These techniques are proposed by way of an example in the present 
document, but they do not in any way constitute a iimitation, the invention 
covering all types of techniques suitable for removing materia! from a wafer 
15 1 0 in accordance with the process according to the invention. 

A first application of the invention implies a preservation of the film 3. 
at least partially, in order to produce a strained Sl^SGOi structure. 

Optionally, a growth of SI is operating on the film 3 to thicken it. 

The obtained strained layer after growth should stay below the critical 
2 0 thickness. 

As the last step of etching the remaining part of the matching layer 2 
may have damaged or thinned the film 3, an advantage of thickening the 
film 3, Is to get back the initial thickness, or a more important thickness (still 
beiowthe critical thickness). 
2 5 This thick strained Si layer can then be used as an active layer (taking 

thus advantage of electrons high mobility that a such material exhibits). 

Optionally, the strained Si of the film 3, thtekened or not during the 
previous option, is at lea^ oxidized. 

A first interest of this oxidation step is to encapsulate the underiayer 
30 of SlGe, avoiding a Ge diffusion from it 

A second Interest is found if an additiona! annealing step is 
implemented in order to strengthen the bond at the bonding interface. 

Other advantages may be found, as for instance, an improvement of 
the film 3 quality. 

35 Indeed said bonding anneaisng step is generally carried out within a 

range of temperature that can create some defaults in the stmcture, as for 
instance pinhoies. As describe in W099/62 145, presence of a SiOs layer 
on a semiconductor layer avoids most of problems during annealing. 

Using the Si of film 3 as the material to oxidize is all the more 
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judicious than Si Is industrialiy easier to oxidize than SiGe material. 

!n a particylar embodiment of the invention, an enrichment step for 
enriching in germanium the relaxed SsGe iayer 4 underneath the Si film 3 
on top of the structure is carried out. 
5 As it has already been stated before, the concentration of germanium 

within said relaxed SiGe layer 4 is substantiaily the same as that present in 
the relaxed Sii,rGer layer on the surface of the SIG© tatttce paran^eter 
matching layer 2. 

r being limited to 30% due in particular to the limitations of the SiGe 
xo buffer layer production current techniques, the concentration of germanium 
within the relaxed SiGe layer 4 is thus limited. 

Germanium presents an affinity with oxygen weaker than that of 
silicon with oxygon. Consequently, when a SiGe layer Is exposed to an 
oxidizing atmosphere, siiicon within the SiGe layer oxidizes preferentially 
1 s white germanium within said SiGe layer does not react directiy with oxygen. 

Hence, the oxidation of a SiGe layer carried out by most of the known 
oxidation methods leads silicon to oxidize (forming in particular an siiicon 
oxide layer, also called silica or SlOa), and the germanium atoms, released 
by the oxidation of silicon, to migrate and accumulate at the SiOs/SiGe 
20 interface. 

Of course, as it has been underlined above, as Si is industrially easier 
to oxidize than SiGe, a Si layer on top of a SiGe layer {such as the Si film 3 
on top of the relaxed SiGe layer 4) can help to Initiate such an oxidation of 
a SiGe layer. 

25 Hence a layer rich In gennanlum (enriched layer) Is formed under the 

oxide layer, said enriched layer containing silicon when the oxidation Is 
stopped before silicon is completely oxidized. A non oxidized layer of SiGe, 
and thus of unchanged germanium concentration, is generally under the 
aforementioned enriched iayer, as the germanium atoms are mainly 

3 0 aggregated at the SiOa/SIGe interface.and not redistributed in the totality of 
the SI crystal. 

A structure made of an oxide layer, a Sii-^Ge^ layer and generally a 
Sii-rGer layer is therefore obtained, r representing the Initial germanium 
concentration within the SiGe iayer oxidized in this manner, and z 
35 representing the germanium concentration vwthin said enriched layer, z 
being higher than x. 

The figures 2a, 2b, 2c and 2d illustrate such a step of enrichment in 
germanium of a Sii.fG©rlayer6. 

The enrichment step of such a iayer 6 thus comprises an oxidation 
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operation of the aforementioned Sii. iayer 6, possibly followed by a 
deoxidation operation for removing the oxide layer formed during the 
oxidation operation. 

A heat treatment operation can also be carried out for homogenizing 
5 the concentration of germanium mth'm the enriched layer. 

The oxidation operation is a ciassica! oxidation known to those skilled 
in the art. The oxidation operation is preferentially carried out at a 
temperature ranging between 700*C and 1100°C, it can be carried out by 
dry or wet process. Using dry process, oxidation is for instance earned out 
0 by heating the substrate under gas oxygen. Using wet process, oxidation is 
carried out by heating ttte substrate in an atmosphere charged with steam. 

Foilowtng this oxidation operation, and as it is represented on figure 
2b, a surface oxide layer 9 is formed and a Sii-zGe^ iayer 8 enriched in 
germanium {z being higher than r) Is underneath the oxide iayer 9. Said 
15 oxide fayer 9 comprises mainly silica Si02, but, according to various 
parameters such as for exampie: 

- the oxidation operation conditions, 

- the initial concentration r of germanium within the Sii4-Gef iayer 6, or 

- the initial ttiicl^ness of the SivrGer layer 6 thus oxidized, 
0 a composite SiGe oxide (SiyGetOs) oxide can be also formed. 

Thus, for instance, only a iow temperature wet oxidation operation 
leads to the formation of such a SiGe oxide (SiyGetOa). 

As it has been stated previousiy, if the oxidation operation takes only 
effect in a near surface area of the Si^Ger layer 6, a non oxidized Silver 
5 layer 7, and thus of unchanged germanium concentration, is under the 
aforementioned enriched Sii^Gez layer 8. 

The deoxidation operation aims at removing the oxide layer 9 formed 
during the oxidation operation. The deoxidation operation is preferentially 
carried out In a traditional way. For this purpose, the substrate can be 
0 plunged during a few minutes in a solution of hydrofluoric acid to 10% or 
20% for example. 

As it is represented on figure 2c, a structure made up of the 
aforementioned enriched Sii^^Gez layer 8 and, possibly, of said Sii-rGer 
layer 7 of unchanged germanium concentration can be obtained next to 
5 said deoxidation operation. 

Advantageously, the enrichment step comprises a heat treatment 
operation to allow the redistribution of the germanium atoms in the crystal 
of Sf. Hence, the heat treatment step ts adapted for obtaining a SiGe layer 
enriched in germanium and of homogeneous concentration in germanium. 
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Said heat treatment operation is preferably carried out at a 
temperature of approximately 1200"G. 

Said heat treatment operation is carried out after the oxidation step 
and preferably prior to the deoxidation step. 
5 However, said heat treatment operation can also be carried out after 

both oxidation and deoxidation steps. 

tn one embodiment of the invention, said enrichment step does not 
comprise a deoxydation operation. Thus the enriched SiGe layer is 
encapsulated by an oxide layer, avoiding, as mentioned above, a Ge 
10 diffusion from it. 

Figures 2a to 2d illustrate an enrichment step comprising, in the 
order, an oxidation operation, a deoxydation operation and a heat 
treatment operation. An enriched Sii-kGetc layer 11 (figure 2d) of 
homogeneous concentration K in gennanlum is thus formed, k being 
15 comprised between the tnitiai concentration r of the initial Si-i^Ger layer 6 
and the concentration of said enriched Sii.jGe^ layer 8, 

Finally a light polishing, preferably a chemical-mechanical polishing 
(CMP), can be carried out in order to decrease the surface roughness and 
to improve the thickness uniformity of the enriched Sii„kGek layer 1 1 . 
20 Of course several enrichment steps can be successively carried out in 

order to control as we!! as possible, and to increase significarrtly, the 
germanium concentration within iJie SiGe iayer thus treated 

Thus, thanks to such an enrichment step, the concentration of 
germanium within the SiGe iayer 4 (underneath the presen/ed St film 3 
25 before said enrichment step; see figure 1e) can be increased, and more 
particuiariy can exceed the typicai 30% limitation. 

Such an increased germanium concentration can indeed reach 80% 
and is generally approximately 50%, 

A second application of the invention implies, prior io any enrichment 
3 0 step, a removal of the film 3 by a chemical v^'ay, as shown in Figure If. 

To do this, it is preferred to use selective etching employing an etch 
solution exhibiting high selectivity with respect to the relaxed SiGe layer 4 , 
such as a solution comprising at least one of the following compounds: 
KOH (potassium hydroxide), NH4OH (ammonium hydroxide), TMAH 
35 (tetramethyiammonium hydroxide), EDP (ethylenediamine / pyrocatechol / 
pyrazine) or HNO3, or solutions currently under study combining agents 
such as HNO3, HNO2H2O2, HP, H2SO4, H2SO2, CH3COOH, H2O2 and H2O, 
as explained in document WO 99/53539, page 9, 

This second step makes it possible to retain good suri'ace quality and 
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good thickness homogeneity of the reiaxed SiGe layer 4. 

Thus, a iayer quality substantially identical to that obtained during its 
grovrfh (shown in Figure 1c) is retained. 

This is because this transferred layer 4 has not necessarily been 
5 subjected to externa! mechanical stresses, such as those generated by a 
CMP finishing step, thus avoiding the appearance of defects associated 
with siJch stresses. 

However, in certain particular cases, soft poiishing is carried out in 
order to remove any slight surface roughness. 
10 Thus, a final relaxed SiGe-on-substrate structure is obtained, and In 

particular a reiaxed SiGeK)n-insulator structure (also called an SGOi 
structure) if the subjacent materia! of the relaxed SiGe layer 4 is an 
electricai insulator. 

In a particular embodiment of said second application of the invention, 
15 an enrichment step can be earned out on said final relaxed 
SiGe-on-substrate structure. 

As it has been presented previously, such an enrichment step allows 
to increase the germanium content within the relaxed SiGe layer 4 on top 
of said SiGe-on-substrate structure. 
20 in another particular embodiment, any epitaxy may be carried out on 

the relaxed SiGe layer, such as epitaxy of another SiGe layer or epitaxy of 
a strained Si layer. 

In the latter case, an SI/SGOl final structure is obtained, the SI layer 
being strained. 

25 It has to be noticed that, when the structure has been subjected to 

one or more enrichment steps, the germanium concentration within the 
final reiaxed SiGe layer is Increased and can exceed the typical 30% 
limitation. 

Hence, the enrichment step helps to control the germanium 
30 concentration within the final relaxed SiGe iayer, and thus the lattice 
parameter of such a layer, Finaily, the strain exerted on a film epitaxlaily 
grown on said relaxed SiGe iayer can also be controlied. 

In particular, a SI/SGOl final structure can be obtained, the Si film 
being particularly strained. 
35 Having completed the flnai structure, a finishing step may optionaily 

be carried out, such as finishing treatments like, for example, a heat 
treatment in order to further strengthen the bonding Interface with the 
receiving substrate 6. 

The present invention is not limited to an SiGe lattice parameter 
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matching layer 2, but aiso extends to a constitution of the matching 
layer 2 from other types of type ili-V materials or other materials capable of 
straining the materia! of the epitaxialiy overgrown film 3, 

The present invention is not limited to a fiim 3 of strained Si, but also 
5 extends to a constitution of it from other types of iU-V materials or other 
materials capable to be strained by the underiying matching iayer 2. 

in the semiconductor layers, other constituents may be added thereto, 
such as carbon with a carbon concentration In the layer in question 
substantially less than or equal to 50% or more particularly with a 
1 0 concentration of less than or equal to 5%. 

In addition, and in a similar way to what was described previously for 
the enrichment in gennanium of a SiGe layer, as silicon Si also oxidizes 
seiectively to carbon G, layers of semtcor>ductor materials such as SIGeC 
aiioys or Si1-yCy alloys, y being weal<, can be enriched in their component 
15 carbon by oxidation. 

Finaliy, the present invention does not relate only to transferring a 
relaxed SiGe layer 4, but in general relates to transferring a layer of any 
type of semiconductor able to be transfen-ed according to a process of the 
invention. 

20 
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CLAfMS 

1. Method of producing a structure comprising a thin layer of 
5 semtconductor material obtained from a wafer (10), the wafer (10) 

comprising a lattice parameter matciiing layer (2) comprising an upper 
layer of a materiai chosen from semicor^ductor materials having a first 
lattice parameter, characterized in that it comprises the foiiowing steps : 
(a) growth on the upper layer of the matching layer (2) of a film (3) of 

10 a materia! chosen from semicondUGtor materials, said grown film (3) being 
of a material having a nominal lattice parameter substantially different from 
the first lattice parameter, said grown film (3) having a thickness small 
enough to keep the first lattice parameter of the upper layer of the 
underfyed matching layer (2) and thus to be strained; 

15 (b) growth on the film (3) of a relaxed layer (4), said relaxed layer (4) 

being of a material chosen from semiconductor materials comprising silicon 
and at least another element and having a nominal lattice parameter 
substantially identical to the first lattice parameter; 

(c) removal of at part of the wafer (10) , comprising the foilowing 

20 operations: 

- formation of an embrittlement zone in the matching iayer (2) ; and 

- supply of energy in order to detach, at the embrittiennent zone 
level, the part of the wafer (10) comprising the relaxed layer (4), 
fiius forming the structure to produce; 

25 (d) enrichment In an element other than silicon of the relaxed layer 

(4) comprised in the detached part of the wafer (10). 

2, Method of producing a stnjcture according to the preceding claim, 
characterized in that the enrichment step (d) comprises an oxidation 

3 0 operation of the detached part of the wafer (1 0) for forming an oxide layer 
on the surface of the tlius oxidized detached part of the wafer (10) and 
increasing the concentration of the element other than siiicon in a region of 
said relaxed layer (4) which is subjacent said oxide layer, 

35 3, Method of producing a structure according to the preceding claim, 

characterized in that the enrichment step (d) further comprises a heat 
treatment operation for homogenising the concentration of the element 
other than silicon within said oxidized part of the wafer (10). 
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4. Method of producing a structure according to claim 2, 
characterized in that the enrichment step (d) further comprises a 
deoxidation operation for removing the oxide layer formed during said 
oxidation operation, 

5 

5. Method of producing a • structure according to cSaim 4, 
characterized in that the enrichment step (d) further corr^prises a heat 
treatment operation for homogenising the concentration of the element 
other than silicon within said oxidized part of the wafer (10), said heat 

10 treatment operation being canied out either before or after said 
deoxydatioo operation. 

6. Method of producing a structure according to the preceding cSaim, 
characterized in that the heat treatment operation is carried out at a 

15 temperature of approximately 1200X. 

7. Method of producing a structure according to any one of the 
preceding claims, characterized in that, after step (b), an additional step is 
carried out in which a receiving substrate (5) is bonded to the wafer (10) on 

2 0 the relaxed layer (4) side. 

8. Method of producing a structure according to the preceding claim, 

characterized In that the receiving substrate (5) is made of ssiicon. 

25 9. Method of producing a structure according to any one of the two 

preceding claims, characterized in that, before bonding, a step of forming 
at ieast one bonding layer between the receiving substrate and the wafer 
(10) is furthermore carried out, the bonding iayer being formed on the 
receding substrate (5) and/or on the bonding face of the wafer (10), 

30 

10- Method of producing a structure according to the preceding claim, 
characterized in that the bonding iayer is an eiectrically insuiating material 

11 Method of producing a structure according to the preceding ciaim, 
3 5 characterized in that the bonding iayer is made of silica. 



12. Method of producing a stmcture according to the preceding claim, 
characterized In that the bonding iayer is formed by thermai oxidation. 



wo immmm 



21 



13. Method of producing a structure according to one of the 
preceding ciaims, characterized in that the embrityement zone is formed by 
impiantatfon of species into the matching layer (2) at a depth substantlaily 

5 equai to the implant depth. 

14. Method of producing a statcture according to one of claims 1 to 
1 1 , characterizedi in that, before step (b), the embrtttlement zone is formed 
by porosification of a Sayer beneath the relaxed layer (4). 

10 

15. fiilethod of producing a structum according to one of the 
precedmg claims, characterized in that the removal step (c) comprises, 
after the energy supply operation of step (c), at least one selective etching 
operation. 

15 

16. Method of producing a structure according to the preceding claim, 
characterized in that a selective etciiing operation relates to the etching of 
the remaining part of the matching layer (2) with respect to the film (3) 
(after detachment of the wafer (1 0) by energy supply). 

20 

17. Method of producing a structure according to the preceding claim, 
characterized in that it further comprises after said etching operation and 
before the enrichment step (d) a growth of a film of a materiat chosen from 
semiconductor materials on the film (3), said semiconductor material being 

2 5 substantially the same as the one of the film {3). 

18. Method of producing a strucUire according to any of the two 
preceding claims, characterized In that it further comprises an oxidation of 

thefiim(3), 

30 

19. Method of producing a structure according to the preceding claim, 
characterized in that an annealing treatment is operated at the same time 
or following the oxidation, this annealing treatment being able to strengthen 
the bonding interface. 

35 

20. Method of producing a structure according to the claims 14 or 
15, characterized in that a selective etching operation relates to the etching 
of the film (3) with respect to the relaxed layer (4). 
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21, Method of producing a structure according to one of the 
preceding ciaims, characterized in that it furthermore comprises, after step 
(d), a step of growing a layer on the relaxed layer (4). 

S 22. Method of producing a structure according to the preceding- 

ctaim, characterized in that the growth iayer on the relaxed layer (4) is 
made of strained materiai. 

23. Method of producing a structure according to any one of the 
10 preceding claims, characterized In that: 

-the matching layer (2) is made of silicon-germanium, the 
matching iayer (2) cxjmprising a buffer iayer with a germanium 
concentration which increases through the thiclcness and a relaxed iayer 
beneath the fdm (3); 
15 - the fiim (3) of strained material Is made of silicon; 

-the element other than silicon is germanium Ge so that the 
relaxed layer (4) Is made of substantially relaxed silicon-germanium, with a 
germanium concentration substantiaiiy equal to the germanium 
concentration of the relaxed iayer of the matching layer (2). 

20 

24. Method of producing a structure according to any one of the 
claims 1 to 21. characterized in that the element other than silicon in the 
relaxed layer (4) is carbon C. 

25 25, Method of producing a structure according to any one of the 

claims 1 to 21. characterized in that the element other than silicon in the 
relaxed layer (4) Is an alioy germanium-carbon. 

26. Method of producing a structure according to claim 22 and one 
30 of the da!ms 23 to 25, characterized in that the growth layer produced on 

the relaxed iayer (4) is made of strained silicon so as to substantially 
preserve the iattlce parameter of the subiacent relaxed layer (4). 

27. Method of producing a structure according to one of the 
35 preceding ciaims, characterized in that the wafer (10) comprises at least 

one layer furthemiore containing carbon witfi a carbon concentration in the 
layer substantiaiiy less than or equal to 50%. 
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23 

28, Method of producing a stnjcture according to one of the 
preceding claims, characterized in tiiat the wafer (10) comprises at least 
one layer furthermore containing carbon with a carbon concentration in the 
layer substantially less than or equal to 5%. 

5 

29. Structure obtained after the enrichment step {d) of the method 
accordtng to claim 7 and any one of claims 8 to 29, comprisirig in 
succession at least the receiving substrate (5) and the relaxed layer (4) 
comprised in the detached part of the wafer (10) and enriched In its 

10 element other than silicon, characterized in that said reiaxed layer (4) has a 
lattice parameter substantially superior to said first lattice parameter. 



30. Application of the method according to claims 1 to 29, to the 
production of one of the following "semiconductor on insulator" structures ; 
15 SGOl ; strained St / SGOI, SiGe / strained Si / SGOl ; StOz / SGOi. 
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